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THE PENNSYLVANIA RAILWAY FRANCHISE for a 
tunnel under the North River and city, approved by the 


Rapid Transit Commission, has been rejected by the New 
York of Aldermen. The reasons given for this 
action are—That it is a grant in perpetuity; that the 
railway company may use the tunnel for carrying freight 


soard 


throuch the city to a new and remote shipping point; and 
that no provision is made for the employment of labor at 
uni rates in its construction. In the coming con- 
ference between the city, commission and railway, the 
answers to these objections will be that—As the city has 
the right to adjust the rate of compensation to be paid to 
the city at the end of each 25 years, the grant is not in 


perpetuity; the purpose of the tunnel is to carry pas- 
sengers only and there is no danger of transferring the 
commerce of New York; and finally, the railway is a for- 
eign corporation, and a provision in the contract regulat- 
ing labor would be unconstitutional. It is believed that 
these difficulties can be adjusted. This tunnel is to cost 
from $40,000,000 to $50,000,000, and under the terms of- 
fered the city would secure over $2,500,000 for the first 
2 years. 

THE BROOKLYN EXTENSION of the New York Rapid 
Transit subway will be built by the Belmont-McDonald 
interest, and the Rapid Transit Commission accepted their 
bid of $2,000,000 for this work on July 24. The con- 
ditional bid of the same company—of $3,000,000, to build 
the tunnel under the East River and a subway unde1 
Broadway, from Union Square to 42d St., was not con- 
sidered by the Commission. The reason given for this 
course was that the Broadway tunnel was not up for con- 
sideration at the present time. The sum of $1,000,000 
must. be added to the river tunnel bid, as that amount is 
allowed by the Commission for real estate and terminals. 


> 


SHORT CIRCUITS ON THE ELECTRIC ELEVATED 
lines in New York city have been quite frequent since the 
inauguration of the system less than six months ago. 
One or two of the more serious accidents caused by them 
have already been noted in these columns. During the past 
month several such accidents occurred. On July 9, three 
men were on a platform suspended beneath the roadway 
of the elevated structure on 42d St., near Third Ave., at 
work repairing the track. An unexplained short circuit 
enveloped them with a sheet of flame, and burned them 
<o severely that they were taken to the hospital. A second 
similar burst of flame shortly after severely burned an 
electrician of the company, who was at work on the 
platform repairing the damage caused by the first short 
circuit——On July 15 a surface car on the 23d St. line, in 
New York city, was about to come to a stop under the 
tructure of the Second Ave. elevated line at Second Ave., 
when an elevated train passed overhead. It is supposed 
that a short circuit occurred on one of the cars of the 
train; at any rate, a great flash of flame shot downward, 
‘round the surface car. The car, an open one, was 
crowded with passengers, and the flames, together with 
the attendant panic, resulted in injuries to half a dozen 
ple, some of them burned, others only bruised. 


‘AILWAY RATES ON THE TRANS-SIBERIAN RAIL- 
way are given as follows by U. S. Consul Henry B. Miller, 
Ninchwang, Manchuria: Railway fares from Nagasaki, 
an, to Port Arthur are—$15.45, $10.30 and $5.15 for the 
ee classes; from Port Arthur to St. 


Petersburg the 


railway fares are—$62.57, $46.81 and $30.36 respectively 
To these fares must be added sleeping-cars rates between 
Irkutsk and Moscow or St. Petersburg; these are, to Mos 
cow, $9.73 and $5.84 for first and second class; 
Petersburg, $11.00 or $7.37 respectively. 36 Ibs. of 
luggage, in addition to hand valises, will be carried free 
for all excess weight the charge is $2.06 for each 10 Ibs 
from the Pacific to St. Petersburg. The cost of a first 
class ticket from Japan to London varies from $118.45 to 
$144.50, according to route, and the trip can be made in 
=> days. All travelers should be provided with passports 
properly issued by’ a Russian they should carry 
blankets and pillows; and they may travel long distances 
without meeting any one who can speak any language but 
Russian. Meals cost from $1.03. There 
only two trains per week between Irkutsk and St. Peters 
burg, but these are provided with all modern comforts, 
and make the trip in eight days. Irkutsk to Port 
Arthur the journey is rough and mixed passenger 
and freight trains are run 

THE COMPLETION OF THE JEROME PARK RESER 

voir, New York City, has been set for Aug. 1, 194, in a 


and to St 
Only 


consul; 
20.6 cts. to 


are 


From 


only 


proposed agreement between the Aqueduct Commission 
and McDonald & Onderdonk, contractors for the work 
This agreement, which must be approved by the Board 


of Estimate and Apportionment, is accompanied by a 
provision for a change from a 10-hour to an S-hour day, 
and an increase of some $464,000 in the contract price 
for the reservoir. The contract was made in 1805, before 
the S-hour day act was passed by the legislature. 
FORESTRY IN THE DRAINAGE 
supply of Newark, N. J., is under consideration by the 
Street and Water Commissioners of that city. Prof. F. R 
Meier, Forester of the New Jersey Geological Survey, has 
been consulted. Mr. Morris R. Sherrerd, M. Am 
C, E., is Engineer and Superintendent of the Department 
of Water. 


AREA of the water 


Soc 


— 
BIDS FOR A SLOW-SAND FILTRATION PLANT at 
Washington, D. C., will be received on Aug. 12, as out 
lined in our advertising columns. Lieut.-Col, A. M 


Miller, M. Am. Soc. C. E., is engineer in charge. 

A RESERVOIR FAILURE occurred July 6, on the Hope 
Ranch of the Pacific Improvement Co., near Santa Bar 
bara, Cal. The reservoir had a capacity of 2,000,000 
gallons, and had been completed but a short time. It is 
said that a gap of 25 ft. was made in one wall and that 
the reservoir was nearly full at the time. Mr. J. K. Har- 
rington was engineer in charge, 

THE ASSOCIATION OF MANAGERS OF SEWAGE 

disposal works held a meeting in London a few weeks ago 


Dr. S. N. Rideal presented a paper in which he criticised 
the recent progress report of the Royal Commission on 


Sewage Disposal for omitting from its classification up 
ward filtration with nitrifying trays and closed 
tanks followed by continuous filtration. The latter he 
considered the nearest approach to nature and one that 
would give good results. 

—----—--- ---- — 

THE MOST SERIOUS RAILWAY ACCIDENT of the 
week occurred on. the Pennsylvania Lines West of Pitts 
burg, near Xenia, O., on July 25. An eastbound limited 
express train from St. Louis to New York was going at a 
very high speed when it collided with a coal car which 
had broken loose from a line of cars on a siding and was 
running wild down grade in the opposite direction to the 
passenger train. The latter was completely wrecked. 
Four men of the train crew and three passengers were 
killed and many others injured. The reservoirs of com 
pressed gas under the cars exploded soon after the col- 
lision. The entire train was burned, and the mail it 
carried was destroyed.——-On July 24 a washout on the 
Sonora Ry., near Llano, Mexico, ditched a passenger train 
Five persons are said to have been killed.——At least three 
fatal railway accidents besides those mentioned occurred 
during the past week, each claiming one victim. One of 
them was the explosion of the boiler of a locomotive on 
the Baltimore & Ohio R. R., near Ravenna, O., on July 23 

A FATAL TROLLEY CAR COLLISION occurred on the 
line of the Fair Haven & Westville St. Ry. Co., near New 
Haven, Conn., on July 26. Two opposing cars on a single- 
track line crashed together on a grade, due to the motor- 
man of one car leaving his siding before the block was all 
clear. Both cars were large and heavy interurban cars, 
and they partially telescoped on colliding; one person was 
killed and several were seriously injured. 

AN ELEVATED RAILWAY ACCIDENT occurred on 
the lines of the Brooklyn Rapid Transit Co., New York 
City, on July 28. Two trains on different lines were ap- 
proaching a Y-junction point near the east end of, the 
Brooklyn Bridge, one of them having a clear track. The 
motorman of the other train kept on, however, in full 
view of the signal set against him, and his train struck 


septic 


off the track 
remained on the elevated struc 


the side of the other, throwing several 


Fortunately all 


the cars 


ture. Two persons were caught between the car platforms 
and were probably fatally ured a large number of 
others were hurt more or less seriously 


STREET-REFUGE ISLES are to be built on 


THREE 


Broadway, New York, as soon as the appropriation ts 
available These isles will be placed at points of heavy 
trafie—at 14th, 28d and S4th St. crossings of Broadway 
The plans call for an oval area in the middle of the 
street, €O ft. long and SO ft. wide, with four ornamental 
lamp posts and a central stairway leading to an unde 
ground public comfort station One design calls for sub 
ways connecting the isles with the pavement No esti 
mate of cost is given These mid-street refuge have 
been used for years in London and in Continental cities 

MACADAM ROADS BULLT with the proceeds of liquor 

licenses are a feature of Jackson Co, Mo According 


World” some 
City, and 
Two-thirds of the 


h road 
$1,250,000, 


to the Kansas City 240) miles of suc 


centering in Kansas ibout 
built 


road 


osting 


have been license money is ex 


dires 
pet 
and from 

the 


and bridge construction, under the 
court A direct 


ed for 


pended for 
the 
S14) valuation is also asse 


funds, it 


tion of county tax of 1 et 
road purposes 
these two appears, all the roads in eounty 


are constructed and maintained 

JOLIET POWER PLANT is 
syndicate. As published in the 
syndicate the fall of 14 ft. at 
Joliet, was developed to the 
HP. by the Light & Power Co 
would be loc below this point—or a 
south of the city fall could be 
12.000 HP. at The 
have acquired desired 
prepared 


A LAKE 
Chicago 
this 
Jackson 
of 7,000 


proposed by a 
Chicago press, 
proposes to 
which 
Economy 
ated 
once developed. syndicate is 
much of the land, and the 
contemplate the expenditure of at least 
with the 


acquire 
extent 
The 


St., 
new dam 
and 
sald to 


where secured, 
plat 
This seheme would seriously 


interfere util 


this Chi 
operating the lighting 
Randolph, of the Sanitary Board, 
the ‘‘Record-Herald,"’ that the Sanitary 
controls property which he believes would be 


ization of power by the city of igo, for use in 


Chief 


says in an 


and 
inter 
Board 


essential to 


pumping plants 
heer 


View in 


the success of the proposed syndicate scheme 
A NEW POWER PLANT on the Susquehanna River 
near Conowingo Falls, is proposed by a syndicate inter 
ested in developing power on the same river at Peach 
Bottom. The estimated cost is for 
HP. Mr. 3S. LD. Wartield, President of the Continental 


the 
to distribute 


head of 
this 


rrust Co., of Baltimore, is named as 
and it is 
Wilmington and smaller 
EXAMINATION 
Aug. 1-20, 
establishing a register of 
position of architectural and structural 
the Navy Department and at the variou 


the 


syndicate, proposed power to 


Baltimore, towns, 
A COMPETITIVE 
Pittsburg and Chicago, on 


held at 
the 
eligible for the 
teel draftsmen at 
navy yards. The 


will be 


for pur 


pose of men 


pay will be $5.04, $4.72 and $4.48 per day, and full in 
structions as to the scope of the examination can be ob 
tained by addressing the Secretary of the Navy, before 
Aug. 15 

THE NEW WAVE DETECTOR invented by Mr. G 
Marconi as a substitute for the coherer in wireless teleg 
raphy was described by him recently in a lecture before 
the Royal Institution in London The instrument make 


the influence of a 


magneti« 


use of rapidly 
the condition of a magnet in its neighborhood 
A small magnet core is surrounded by two coils, the one, 


oscillating current on 


of fine wire, being connected with the telephone receiver 


the other, of coarser wire, being connected with the verti 


eal receiving wire of the station The magnet core has 
its magnetism constantly varied by a permanent magnet 
moved or rotated near it When waves reach the receiv 


ing wire and pass through the primary of the instru 
ment, they affect the hysteretic lag of the core behind the 
induction of the 


and thus 


permanent magnet, give rise 
to a current wave in the secondary of the instrument 
This current wave is heard as a sound in the attached 


telephone receiver. In the final form of the instrument as 
devised by Mr. Marconi, the magnet core is made up of 
wire, which is wound in turns 
grooved wheels set a apart. 

“band” is moved rapidly by 
wheels. 


iron several over two 
This wire 
rotating one of the grooved 
The permanent inducing magnet is fixed over the 
upper rim of the wire band, and the motion of the latter 
produces the variation in magnetic condition along the 
wire of the band. The primary and secondary coils en- 
circle the lower rim of the band; the oscillations in the 
primary. by altering the amount of lag in the iron wire, 
cause the magnetization to move along the wire, momen 
tarily, and thus produce a current wave in the secondary 
Mr. Marconi has used this wave detector for continuous 
receiving at the rate of 30 worgs per minute 
soon to operate it with a recorder, by which means he 
thinks a speed of as much as 100 words per minute might 
be attained. 


short distance 


He hope 
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DISTURBANCE OF ROADBED AND BRIDGES BY FROST 
ON THE TRANS-SIBERIAN RAILWAY. 


In a recent issue of the “Organ ftir die Fort- 
schritte des Fisenbahnwesens,” Mr. L.von Lubim- 
off, Chief Engineer of the Trans-Siberian Rail- 
way, describes an interesting phenomenon of frost 
action which has been observed on the line of that 
railway in Siberia. This phenomenon, the dis- 
tortion of wooden trestle bridges by the action of 
frost, is closely connected with the extensive frost 
disturbances of the roadbed in general which are 
encountered in both European and Asiatic Russia, 
but while the latter effect has been known for 
some time, the action on the bridge structures has 
been noted and studied only during the last few 
years. 

The disturbance of the roadbed by frost is a 
very serious matter, states Mr. von Lubimoff; on 


built in 1806. In the following year it showed a 
rise at the center of 10 ins.; in another year this 
increased to 23 ins., decreasing in the following 
summer to 14 ins. In the winter of 1900-01 the 
total rise amounted to as much as 45 ins., and 
finally, in the summer of 1901, the bridge was re- 
placed by a steel span on masonry piers. The 
view in Fig. 2 shows another and somewhat 
longer bridge, which shows the same upheaving 
action of the frost. This bridge has also been re- 
placed recently by a steel structure. 
ee 
THE SELECTION AND INSTALLATION OF HYDRAULIC 
ELEVATORS. 
By Henry D. James,* M. E. 
The increasing value of real estate in our large 
cities has resulted in the erection of high build- 
ings. These in turn have been made possible by 


FIG. 1. UPHEAVAL OF SMALL WOODEN BRIDGE ON TRANS-SIBERIAN RAILWAY, SHOWING 
METHOD OF REPAIR BY BANKING THE APPROACHES. 


O5° of all Russian railway lines it constitutes one 
of the most important problems of maintenance 
of way. The disturbance occurs mainly in low- 
lying, wet ground; the soil in such places is gen- 
erally found to be clay overlying or with inter- 
vening layers of water bearing sand or gravel. 
The action in prolonged cold weather seems to be 
about as follows: The earth gradually freezes 
downward, and as the moister strata are reached 
the contained water causes them to freeze in thin 
sheets or laminations. As the frozen layer in- 
creases in thickness, it tends to separate from the 
strata below and to form bumps or hillocks. A 
succeeding rise of temperature produces an open 
and porous structure in the frozen layer, and any 
water entering from either above or below fills 
the interstices; when the temperature again falls 
this water freezes and by its expansion further 
raises the swelling. 

In time this process produces noticeable rough- 
ness of the roadbed, which may be so extensive 
as to make traffic at any considerable speed posi- 
tively dangerous. Mere resurfacing (for .in- 
stance. as shown in Fig. 1, by banking-up the 
approach fills) is only a temporary expedient. 
The only effective means to deal with por- 
tions of the railway line that are thus af- 
fected has been found to be (1) to drain the 
surrounding soil thoroughly by deep drainage 
ditches, so that the ground water level in the 
neighborhood of the roadbed is lowered well below 
any possibility of frost extending down to it, or 
(2) to increase the depth of filling sufficiently to 
protect the natural ground below it from the ac- 
tion of frost. The filling must be of open tex- 
ture and well drained, so that it will not itself 
give trouble in the same way. Both methods of 
protection are where possible used simultaneously. 

The distortion of bridges is a more difficult mat- 
ter to cope with, though of course the aggregate 
of damage and interference with traffic is very 
much less. The action is clearly shown in the 
accompanying views, which require but little ex- 
planation. It may be stated that the piles are in 
each case driven well down into the subsoil below 
frost level, but the rising of the surface layers, 
as explained above, lifts the piles up with it by 
friction. 

The bridge shown in Fig. 1 is about 55 ft. in 
span. The nature of the creek bed is as brought 
out above, marsh soil on clay, to a total depth of 
about 12 to 1) ft., overlying gravel. When the 
ground is frozen, the water finds its way largely 
through the gravel stratum. This bridge was 


the development of the elevator. Upon its proper 
design and installation depends, in a great meas- 
ure, the desirability of the upper floors. 

In connection with the elevator, the first ques- 
tion that arises in designing a large office building 
is how many elevators should be provided and 
how large should the cars be made. The size is 
determined partly by the design of the building, 
but the cars are generally made between 5 and 6 
ft. square. Larger cars are unwieldy and in- 
efficient for the average load; small ones will not 
take care of the passengers during the rush 
hours. 

The number of cars is a difficult question to 
solve, and must be governed much by experience. 
In the neighborhood of a stock exchange the re- 
quirements are very severe, and a liberal number 
of elevators should be provided. Up town a smaller 
number will give good service. Average condi- 


round trip and would be less comfort, 
passengers. For buildings of 18 «4; 
speeds of 500 or GUO ft. per minute are 
part of the plant can be used for expr. 
and advantage can be taken of the hig! 
It is a disadvantage to run a car 
the conditions warrant. It is disae 
many passengers and increases the st; 
machinery. It also requires larger ) 
and pumps, often increasing the cost wh 
running elevators would give just as 
vice. One of the large 20-story buildi: 
lower part of New York city had ele, 
signed for a speed of 600 ft. per minut: 
deemed advantageous to reduce the speed 
400 ft. per minute, as that was found 
to maintain the service, and the lower s; 
more satisfactory to the tenants of the bu 
The proper load for a passenger car 
per sq. foot of platform area. This yr: 
about the capacity of the car when w. 
and the careful engineer must design his 
to take care of this load, even if it is not = 
as there is nothing to prevent people fron 
ing the car to its extreme capacity. The 
should be made large enough to lift this 
otherwise the elevator runner will frequent 


to ask part of his passengers to step out 
the car may rise. Generally this maximu, 
is specified at a moderate speed, and fro; 
half to two-thirds of this load can be lifted 
maximum speed. Thus, a car 5 ft. 6 ins 
with 200 ft. rise, should have a maximum | 
2,500 Ibs. and an average load of 1,500 |bs 

a speed of, say, “iW ft. per minute. 

The pumps for hydraulic elevators are 
always driven by steam, although in some 
there is installed an auxiliary pump run | 
electric motor taking current from the 
mains. This will operate one or two cars at | 
or on holidays, when it is not economical to | 
the steam boilers in commission. The steam | 
sure should be at least 90 to 100 Ibs., so that 
pound pumps can be used and a water press. 
of 125 to 150 lbs. maintained. The highe: 
water pressure selected, the smaller the } 


tanks and cylinders, and fhe less the cost 


most standard apparatus is designed for a wy 


ing pressure of 150 lbs. per sq. in., such pres 
involves no additional expense. After 150 |b- 
passed, the apparatus becomes special, and th 
fore more expensive. From this point the | 
sure generally jumps to 600 or 700 Ibs., and ; 
lar high-pressure machines are used with a 
mulators. This high-pressure work is often 
nomical where the elevators are scattered «\ 


FIG. 2. LONG TRESTLE BRIDGE DISTORTED BY FROST. 


tions require about one elevator to every 25,000 
sq. ft. of total floor area in the building, but this 
figure must not be taken as applying to all condi- 
tions; it is only to give a rough idea as a basis on 
which to start. 

The speed of the elevator depends upon the 
height of the building. For a ten or twelve-story 
building 300 ft. per minute is ample. This rise 
will not justify the use of express elevators, and 
each elevator will have to serve all floors, aver- 
aging a stop at every two or three landings dur- 
ing rush hours. Increased speed would make very 
little difference in the time taken to make a 

*255 South Sth St., Philadelphia, Pa. 


large area and the piping system becomes \: 


expensive; but it requires more skilful super 


sion than the 150-lb. pressure system. 

Each office building generally has one eleva 
specially designed to lift safes at a slow spe 
The parts are strengthened so as to stand ab 


300 Ibs. pressure and a small pump is connec! 


to the cylinder by an additional piping system 


about 2 ins. diameter, with the necessary val\ 


in each system. No one should ride in the « 
when heavy safes are carried. 


The supports for the sheaves and guides sho: 


always be of steel. The guides are genera 
made of ‘tee iron,’’ and should be at least 3 
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ry 4% ins. or h-in. flange. They should be 
1 together at the joints and supported by 
rackets at least every Sor lo ft. If this is 
sible, they should be backed up by channel 
iron. In case of excessive speed, the 
device under the car grips these guides in 
ng the car. Under these conditions a very 
load is thrown on them, and they should be 
nough to withstand it. 
ertical machines it is best to place the 
er as close to the car as possible, generally 

y behind the shaft. Horizontal machines 

sually placed close by the shaft in the base 

ry sub-basement. These latter machines are 
stacked one above the other in order to save 
space. The vertical cylinders can be made 

ep than the horizontal ones, and thus have a 
cter stroke. This enables a lower gear to be 

and gives a more efficient machine, as the 

and journal frictions increase directly as the 
The length of the vertical cylinder is lim- 

| principally by the fact that a perfect vacuum 
| not maintain a column of water over 344 ft. 
h. When the cylinder exceeds about Si ft. in 
eth it is necessary to siphon the exhaust; it is 
refore very seldom that cylinders are made 

er 40 ft. long, while generally their length does 

1 exceed 30 ft. Sometimes on low rises, where a 

eh speed is specified, the machine has to have a 

eh gear in order to Keep down the piston speed 

All horizontal machines should have an inde- 

ndent counterweight connected directly to the 
ar, and the same is true of all vertical machines 
of over 4 to 1 gear. With the vertical cylinder 

t is possible to place weights in the traveling 
sheaves strap, which, together with the other 
moving parts, help to counterbalance the car. 
This counterbalancing is inversely proportional to 
the gear. Thus, with a 4 to 1 gear, in order to 
counterbalance 2,000 Ibs. of car weight, S,0OU Ibs. 
would have to be hung from the traveling 
sheaves. This method of counterbalancing is very 
convenient, as it does not require any additional 
guides or sheaves, but with large cars and high 
gears it is best to use an independent counter- 
weight in addition. The accompanying cuts will 
illustrate these different methods of counter- 
balancing. 

Where the vertical cylinders are placed next to 
the cars with no wall intervening, the traveling 
sheaves should be guided; for, should the ropes 
break when the sheaves are at a distance from 
the cylinder, the weight would bend the rods, and 
there is danger of the sheaves falling over on 
the car. 

The length over all of a horizontal machine is 
about twice the stroke plus 10 ft. Sufficient 
clearance should be left around the machine to 
attend to it properly. 

Each type of machine has its advantages. The 
vertical cylinder has a lower gear, and is there- 
fore easier to control and has less friction. The 
eylinder can be placed back of the car, leaving 
only the pumping plant in the basement. The car 
can be counterbalanced by means of additional 
weights to the moving parts. The horizontal 
cylinder has more friction, but it can be placed 
down in the basement, leaving the hatchway per- 
fectly clear. A partition can shut the machine 
off entirely from the hatchway, thus cutting off 
any noise from the rest of the building. These 
advantages can be obtained with the vertical type 
by placing the cylinders in a separate enclosed 
hatchway. The conditions controlling the design 
of the building determine in part which kind of 
machine to use. Either type should have a chain 
connected from the bottom of the car to either the 
independent counterweight or the center of the 
hatchway, to compensate for the weight of rope 
that shifts from the car to the machine, and vice 
versa. In a few cases the chain counterbalance 
has been omitted and a column of water used to 
compensate for this difference, the machine ex- 
hausting against an increasing back pressure 
(vertical circulating type machines only). This 
method requires larger machines and additional 
piping; it is not be recommended. 

The car design should be selected with a view to 
making it as light as possible. The machine has 
to lift the load, plus the unbalanced weight of the 
ear. The unbalanced weight must be sufficient to 
overcome all frictions and cause the car to de- 


scend at contract speed with only an operator 
in it. The greater the weight of the car, the more 


friction and the more unbalanced weight the 
cylinder must lift. The modern office building 
car, complete with safeties and operating mechan- 


ism, often weighs between 3.000 and 4.440 Ibs., 
requiring ™) lbs. or more to be left unbalanced 

All cars running over 200 or 300 ft. per minute 
should be controlled by a lever placed in the car 
This lever generally has a maximum throw of 25 
ins. or 12% ins., each side of the center. It con 
trols the main valve by means of a pilot valve 
There are a number of different lever and whee 
devices which take up more or less room and 
operate with varying degrees of satisfaction, but 
the above is the most common in this country 

In addition to the regular safety placed under 
the car, the hydraulic machine should be equipped 
With an automatic stop at cach limit of its travel 
This consists of a valve connected to the traveling 
sheave strap by means of a rope and proper gear 
ing. This valve should be positive in its opera 
tion and not easily put out of order or tampered 
with. Cars are often, in addition, equipped with 
an emergency lever. This enables the operator to 
grip the guides and stop his car, should the regu 
lar safety device fail to operat: On all machines 
having a speed above 330) ft. per minute, there 
should be placed in the feed pipe a speed con 
troller. This is a valve that closes automatically 
When the velocity of water through it exceeds a 
certain predetermined maximum. 
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uSe steel rope when they renew them. The iron 
rope is also more pliable 

The cast iron in the cylinder and valves should 
not be strained over 1,800 to 240) Ibs. per sq. in 
under the specified pump pressure, as the sudden 
stopping of cars greatly increase this pressure 
and relief valves do not always have time to work 
There is also danger of such valves sticking 

In designing the direct plunger type of elevator 
for high rises, special attention should be given to 
the method of fastening the plunger as a whole to 
the car and of the different sections of the plunger 
together. One reliable method is to run a steel 
rod through the entire length of the plunger from 
the car platform to the bottom end and securely 
fasten it ther: Contrary to the popular supposi- 
tion, the plunger, during the upper part of the car 
travel, is not in compression, but in tension. The 
difference in weight of the plunger in and out of 
Water, together with the difference in head, must 
be compensated for by chain or rope counterbal 
ance, Which increases the counterweight as the 
car rises. 

The pumping plant for elevator service receives 
often little or no attention from the designing en 
gineer; yet its Importance is second only to that 
of the elevator machines themselves. The size of 
this plant is determined by the number of eleva 
tors and the minimum time of one round trip al- 
lowed for each elevator; this latter is generally 
called the “schedule” of the elevator A 
minute schedule would be ample for an elevator 
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DIAGRAMS ILLUSTRATING COUNTERBALANCING ARRANGEMENT FOR HYDRAULIC ELEVATOR 
CARS. 


The “air cushion” is another safety device often 
employed in tall buildings. It is intended to be 
used only as a last resort, and is not effective 
unless the car velocity is quite high. The tests 
that have been made, however, seem to indicate 
its ability to save life in case of a free fall of the 
ear. The use of this air cushion should never be 
considered a substitute for a thoroughly effective 
car safety, or even as an excuse for not using the 
best safety obtainable. 

The car safety should be able to stop at least 
one-third to one-half more than the total weight 
of the car plus the full load. The stop must be 
quick and effective, but not too sudden. There 
are several of these devices which are reliable and 
yet do not endanger the passengers by their 
abrupt action. Where the load (except for safe 
lifting purposes) exceeds 3,500 to 4,000 Ibs., better 
results with the safeties can be obtained with 
wooden guides. If a heavy wooden post is unde- 
sirable, steel angles or channels can be used. 

There should never be less than four lifting 
ropes for a passenger car connected to a hydraulic 
machine, and these should have a factor of safety 
of.ten, Wrought-iron rope with a hemp center is 
used. The danger of using steel rope, with its 
greater tensile strength, is that you have no posi- 
tive assurance that the repair men will always 


of 200 ft. rise and 500 ft. speed. Proper allow- 
ance should be made for the time required to load 
and unload passengers In a high building it is 
assumed that part af the machines will be run as 
express elevators. 

Hydraulic elevator machines are always single 
acting; that is to say, they only take water going 
one way; in the opposite direction they either cir- 
culate the water (vertical type) or discharge it. 
To the latter class belong some vertical and all 
horizontal machines. All of these elevators con- 
sume the same quantity of water, whether they 
make the complete trip fully loaded or empty. 
For this reason a double-pressure system has been 
used in a few places, and seems to give good re- 
sults. This system requires a double system of 
pipes and tanks; it therefore takes up more room 
and costs more to install, but, on the other hand, 
it saves in the coal bill. 

In the single-pressure system the best arrange- 
ment of pumps is generally to have three, two of 
which together are large enough to supply all the 
water needed to maintain the schedule and an 
additional 10% to allow for leakage, slip of the 
pumps, etc., while the third pump is held in re- 
serve. When two pumps only are used, each must 
be large enough to maintain the schedule, thus 
increasing the first cost, but giving a little better 
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efficiency if the elevators are run at equal inter- 
vals by the starter, or, in other words, if the con- 
sumption of water is kept about uniform, so that 
the pump is run continuously. This, however, is 
seldom the case in practice. 

Since the pumps are started automatically by a 
pressure regulator, when three pumps are used 
one is adjusted to start at a little higher pressure 
than the other, so that the first pump is kept run- 
ning under a good load most of the time and the 
other one is “cut in” as it is needed. Under most 
conditions this arrangement gives a better all-day 
efficiency than when one pump is made to carry 
the entire load. 

As the water is consumed the pressure drops 
and the automatic device starts the pump, but 
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Fig. 1. Diagram Showing Elastic Limit of Draft 
Gears Determined by Drop Test. 


while the pump is getting up speed the pressure 
continues to drop, so that at first the pump tends 
to “race” and later on to run quite slowly. For 
this reason, and also on account of the hard ser- 
vice required from a pump for elevator work, it 
should be run very slowly, i. e, not over 50 
strokes per minute for a 12-in. stroke duplex 
pump and other sizes proportionately. This is 
only a little over half the rating given by most 
pump manufacturers, and they often insist that a 
small pump will do the work. Experience has 
shown that at a higher average speed the pumps 
hammer quite badly at times and the parts be- 
come loose, It is always better to have your 
pumping plant of liberal capacity, so that at 
times of unusual crowding the elevators can be 
run on a quicker schedule for a short time with- 
out injury. 

Where the steam pressure is sufficient, com- 
pound pumps should be used, as they consume 
about one-third less steam than the simple 
pumps. If the plant is a large one, still better 
results can be obtained from. triple-expansion 
pumps, but the steam pressure in this case should 
be quite high. In a few instances the three- 
cylinder pumping engine with crank and flywheel 
has been used. This gives the best efficiency, but 
costs much more than the triple-expansion pumps 
and requires careful supervision. 

The velocity of water through the pipes should 
not exceed 12 to 14 ft. per second. Each machine 
should have separate supply and discharge pipes 
leading from the tanks and be provided with the 
necessary valves to cut it off entirely from the 
rest of the system without interfering in any way 
with the other elevators. All machines should 
have suitable drip connections, not only to draw 
off the water when desirable, but also to free the 
cylinder entirely of air when it is being filled with 
water. The pressure tank should be large enough 
to maintain the pressure fairly steady and not to 
let it drop below a predetermined minimum when 
the maximum number of elevators are in opera- 
tion. About one-third of the tank is filled with 
air, the volume of air being determined from the 
amount of water supplied by the tank and the 
minimum pressure that will give the required 
duty. Where the conditions permit, the tank 
should be placed at the top of the building and 
connected by a standpipe with a small auxiliary 
pressure tank in the basement. The head of 
water helps to keep the pressure constant and 
enables a much smaller tank to be used. It also 
saves space in the basement, which is generally 
crowded Most large office buildings have their 
tanks arranged in this manner. Where the plant 
is a large one, it is often necessary to split the 


tank up into two or more units and use two 
standpipes. Whenever this is done the tanks 
should be connected by equalizing pipes. The dis- 
charge tank or tanks should be large enough to 
hold the total capacity of all the pressure tanks. 
The best arrangement is where the pumps, tanks 
and machines are all close together. Should any 
of the machines be located at a distance from the 
tanks, they should be provided with small auxili- 
ary tanks large enough to provide for at least 
one complete trip of each elevator. Every pres- 
sure tank should be provided with a relief valve 
and sewerage connection, and also with a vacuum 
air valve to prevent it from collapsing should all 
the water be suddenly withdrawn. This vacuum 
valve should never be omitted from tanks at the 
top of the building, especially. The discharge 
tank is generally of rectangular section, open on 
top and provided with a cover. A small air 
pump should be installed to supply the air 
lost from the pressure tank by leakage and ab- 
sorption. 

The signaling to the car from the different 
floors can be done by means of the ordinary an- 
nunciator where the building is small and the 
number of elevators comparatively few. For 
large installations, the flash signals give by far 
the best results. With this system but one up 
and one down button is used at each landing. 
This signals the first car approaching in the direc- 
tion desired and also indicates its location, thus 
saving a great deal of time. If this latter system 
is used, it is not necessary to. have either the 
“mechanical dial” or ‘fluid’ indicator to show the 
location of the different cars, except on the main 
floor, for the information of the “starter.” At 
this floor the “flash’’ signal should be omitted. 

This discussion has had in view primarily the 
equipment of a modern office building, but the 
same principles apply to all hydraulic installa- 
tions. Large hotels require nearly as elaborate a 
plant as office buildings, but the speed should be 
less, say not over 300 ft. per minute for the tall- 
est, except in special cases. The pumping plant 
should be designed to provide economically for the 
varying demands made upon the elevators during 
the day and night. Particular attention should 
be given to suppressing all noise. A freight com- 
partment should never be attached under the 
passenger car. It is not only unsightly, but a 
source of danger and reduced efficiency. Either a 
freight elevator should be installed or rubber- 
tired trucks provided to handle trunks, ete. 

Large department stores should also have hy- 
draulic elevators run at moderate speeds. No 
form of signaling device seems effective for shop- 
pers. Generally the elevators are stopped at 
every floor and are apt to be crowded, so that a 
slow schedule is ample. Where a building re- 
quires only two or three elevators of moderate 
size, the electric machine is generally preferred, 
but the choice depends largely upon the kind of 
power available. 

The facts presented in this paper are not claimed 
to be novel or original, but are set forth in the 
hope that they may be of value to those who have 
elevators to install. 


TESTS OF DRAFT GEAR FOR RAILWAY CARS.* 


At the annual convention of 1900 a committee of 
the association was appointed to report upon the 
requirements of modern draft gear, including 
spring capacity, size and strength of parts, etc. 
This committee made a preliminary report at the 
convention of 1901, in which it proposed that a 
series of tests be authorized. This authority was 
granted and the committee undertook a series of 
drop and tensile tests. Draft gears for these tests 
were submitted by the makers of such apparatus. 
The drop tests were made on the drop testing ma- 
chine of the Pennsylvania R. R. at Altoona, Pa., 
and the tensile tests were made at the testing 
laboratory of Purdue University, using a 300,000- 
Ib. testing machine. The report of the committee 
gave the results of the two series of tests in detail. 

DROP TESTS.—The drop tests were made to 
show the elastic limit, ultimate strength and the 
height of rebound of the hammers. The testing 


*Abstract of a committee report presented at the annual 
convention of the Master Car Builders’ Association at 
Saratoga, N. Y., July 18-20, 1902. 


machine had a hammer weighing 1,640 Ibs. 
having a maximum fall of 40 ft. In condu 
the tests the first blow was struck with a 
of 1 ft. and the drop of each succeeding blow 
increased 1 ft. until the result sought was 
tained. Figs. 1, 2 and 3 show diagrammati: . 
the results obtained by the drop tests. 

TENSILE AND COMPRESSIVE TESTs. 
tensile and compressive tests were conducted 
Purdue University under the direction of Prof 
K. Hatt and Prof. Wm. Forsyth, who describ: 
mode of procedure and the results obtained 
follows: 


ELEMENTS TO BE MEASURED.—The purpose of t! 
tests is to determine: (1) The Working Limit of 
Riggings.—To this end, uniformly increasing loads w 
applied to the riggings and corresponding movements 
the yokes with reference to the sills were observed wu 
the riggings became solid, thus giving what is called 
the diagrams below the ‘‘compression line,’’ that is, ; 
“buffing line.’’ In case of all friction gears, and in « 
of some spring gears, the load was then released step | 
step and the corresponding release curve obtained. T 
knowledge of this compression and release action is ¢} 
most valuable part of the tests. (2) The Load at Whi 
any Part of the Coupler or Draft Attachments Might Fa 
—To this end, after the compression and release curve hs 
been obtained, the loading was resumed just above 1! 
point at which the device became solid, and continu: 
until some part of the rigging failed, or the capacity 0: 
the testing machine was reached. 

DISCUSSION OF WORKING CAPACITY AND POIN’ 
OF FAILURE.—(1) Working Capacity.—In case of sprin: 
gears, the working capacity is reached when the spring 
become solid. To determine this point, it was sometim: 
necessary to run the load slightly beyond the point « 
closing of the springs, in order to insure complete closing 
In case of a theoretically perfect spring without constrain: 
the line of release would follow back along the line o! 
compression. This is not the case in the diagrams below 
partly from the fact that the load was run beyond tly 
point of solidity, and partly because of the friction of th: 
parts of the year. Fig. 4a gives a typical diagram of a 
spring gear. In case of friction gear, the diagram is rep 
resented by Fig. 4b. There is usually a free action of 
the device, giving, «as is proper, a comparatively larg: 
movement for light loads (A-B). Then the device be- 
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comes less yielding under the action of the friction sur- 
faces until solid under a high load (B-C'-C). On release 
the friction holds the device solid until a low load is 
reached (C-D), when the springs force the yoke gently 
back to the free position of the gear (D-E-A). In testing 
these gears, release was usually made when the gear ap- 
peared to be solid. In some cajes (as it turned out on re- 
sumption of loading) the release was made prematurely, 
and a second release curve was then observed. The desire 
was, of course, to obtain the release before failure of any 
of the parts of the device was developed. The elements of 
this test of friction gear, which are of value, are: (a) The 
free movement of the device under light loads, that is, the 
length A-B before coming to the steep part of the curve; 
(b) the capacity of the gear before becoming solid, as 
shown by the load and energy absorbed up to C; (c) the 
action of the friction in recoil, as shown by the length C- 
D and by the area (expressed in terms of f#st-pounds of 
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TABLE I.—Showing Results of Tension and Compression Tests of Friction Draft Gears 


Movement Move- 

of Load ment 

yoke at when when 

ime of rigging. Series 40,000 Ibs. solid, solid, 
No in ins. 


in Ibs. in ins. 


-house (steel) ... 1-1 77 190,000 
1-2 66 150,000 
(wood) ... 1—3 SD 170,000 
71 180,000 2.39 
jard (steel) ....... 100,000 1.9 
34 140,000 1.91 
(wood) 52 140,000 2.08 
ngworth (steel) .24 290,000" 2.0 
(steel) 230,000 2.0 
S87 220,000 2.02 
83 140,000 1.76 
COM 1.16 6,000 2. 
| 1.81 130,000 20 
1.9 ¥ 2.28 
1.66 110,000 2.02 
1.61 140,000 2.43 
*A bout. 


Work Absorp- 
Absorbed tion in 
Final Total by fric per ct 
Load at failure, Set in tiomin of total 
in Ibs. in ins. ft.-lbs ft.-Ibs work, 
At 300,000; no failure... (01 Is 16, 
At 300,000; no failure. . 12045 su 
Sill bearing crushing, 
16,9535 15,200 sv 
At 300,000; no failure... 4 16,000 15,000 sv 
At 300,000; no failure. . 7,000 70.5 
Yoke bolts, 200,000 .... 14,100 11,44) 
Sills crush, 255,000..... 133,408) 10.000 
Sills spreading, 220,000. 46 12,0 10,100 
At 300,000; no failure. . 81 15,200 10.4" 67 
At 250,000; no failure. . 17 11,44) 5.580 DOD 
Casing cracked, 260440) 77 12,780 10,300 
Friction plate bent .... ANS 13,800 11,400 S3 
Yoke bolts bend’g, 2t),- 
A 9,500 78 
Friction plate bent, abt 
Friction plate bent, abt 
6,24) 4,100 66 
At 300,000; no failure... .19 
Main bolt bend’g, 100,000 2.6m) 7 
Sills crushing, 180,000... .57 31 
Crushing at upper bear- 
ing sill plates, 140,000 6 5,230 1,780 
At 260,000; no failure...  .07 4,470 2.900 63 
6S 6,500 4,400 O75 


k) between the compression line and the release line. 
elements are listed in case of the gears tested in 

ble I. 
“) Load at Failure.—It may be said that only in 
ve cases does the load at failure in the tests below 
ve any connection with the strength in service, for the 
ison that the attachments used in the tests are not 
ler the same action that exists in the case of these at- 
hments in car construction. That is, there was a ten- 
ney for the sills as used in the tests to fail by buckling 
ehtly, thus throwing the bearing mainly on one edge of 
e sill. This was attended with a crushing of the sills 
vhere they bore on the platform of the testing machine 
‘ a load under which the lug bearings on these sills and 
ihe coupler attachments were unharmed. It is thought 
that the sills in the car under service are not subjected to 
the same strain as in the tests. However, in many cases, 
the failure under test was due to crushing of lug bear- 
ngs on sills, bending of follower plates or housings, and 
these are to be classed as true failures of the rigging dis- 
tinct from the failure due to the method of support in 

test. 

METHODS OF MEASUREMENT ON TEST.—The test- 
ing machine used was the 300,000-lb. Riehle machine. In 
the course of the work certain weaknesses developed in 
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the running gear which caused delay and made it neces- 
sary, in case of the later tests, to limit the capacity of the 
machine to 250,000 Ibs. Subsequently proper repairs were 
made to the machine. Figs. 1 and 2. The riggings were 
first subjected to an initial load of 20,000 lbs., and this 
load released. Loads were then applied in increments, and 
the machine was stopped to read the movement of the 
yoke. In case of one friction rigging a comparison of tests 
was made between results from continuous running and 
loading at intervals. No difference in the resulting curve, 
due to difference of rate of loading, could be found. It is 
possible, however, that a rapid action in service or an 
impact action might show slightly different form of dia- 
gram in case of friction gears. The movement of the 
yoke was determined with reference to the sills, and this 
movement includes any failure throughout the rigging, 
whether of follower plates, lugs, housings of lug bearing. 


In case of tension tests, this movement was read from a 
scale attached to a crossplece fixed to the sills slightly 
below end of the yoke, and in case of compression tests, 
the scale was supported directly on the bed of the testing 
machine. In some cases a two-fold multiplying device 
was used. After tests, the riggings were opened up and 
their condition examined. 

RESULTS.—The results of the tests are shown 
in Tables I. and II. 


FORM OF GOVERNMENT OF THE DISTRICT OF 
COLUMBIA. 


Among the papers presented to the American 
Society of Civil Engineers, at its late annual con- 
vention in Washington, D. C., was one outlining 
the form of government of the District of Colum- 
bia. The writer of the paper was Major Wm. M. 
Black, Engineer Corps, U. S. A., and former En- 
gineer Commissioner of the District; and as the 
government of this area is unique in its organiza- 
tion, the following abstract of his paper is given. 

The present form of government in the District 
was established by an act of Congress approved 
June 11, 1878, with some very slight modifica- 
tions since that date. The executive, and to a 
minor degree, the legislative functions of the Dis- 
trict are placed in the hands of three commis- 
sioners; two of whom are civilians andthe third an 
officer of the Engineer Corps of the United States 
Army. The civilian commissioners are appointed 
by the President of the United States and their 
appointment is confirmed by the Senate; they are 
ordinarily selected one from each of the two prin- 
cipal political parties. At the time of their ap- 
pointment they must be citizens of the United 
States, and for the three preceding years they 
must have been actual residents of the District of 
Columbia. The third commissioner is detailed by 
the President from the Corps of Engineers, and he 
must hold rank not below that of Captain, and 
have seen at least fifteen years’ service. 

These commissioners act as a Board, the Civil 
Commissioner of the same political affiliations as 
the President ordinarily acting as president of the 
board. Any two commissioners constitute a quo- 
rum in the transaction of business. The Engineer 
Commissioner is entitled to not over three assist- 
ants detailed from the Corps of Engineers; the 
senior of these acts as Engineer Commissioner in 


TABLE II.—Showihg Results of Tension at 


the absence or disability of his superior officer. 
The judicial system of the District is entirely dis- 
tinct from this board, the judges being appointed 
by the President of the United States. 

Under general laws enacted’ by Congress the 
commissioners are empowered to make regula- 
tions, corresponding to ordinary city ordinances, 
relating to police, health, building, plumbing, etc., 
and to provide for their enforcement Congress 
also provides specifically for the more important 
of the subordinate officials, and in the annual ap- 
propriation bills the number and salaries of the 
permanent employes are rigorously fixed. 
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The expenditure of the District is met by taxa- 
tion, regulated by Congress, and leaving free from 
taxation all government property. The Commis- 
sioners annually submit to the Secretary of the 
Treasury and to Congress, detailed estimates of 
expenditures and such recommendations as they 
deem of public interest. To the extent that these 
estimates are approved by Congress 0 is ap- 
propriated out of the Treasury of the United 
States and 50% is raised by taxation in the Dis- 
trict. In late years, however, Congress has from 
time to time provided that certain definite works 
should be paid for wholly out of the revenues of 
the District. 

The duties of the District Commissioners are 
outlined as follows by Major Black: 

Civil Commissioner.—Jurisdiction over charities and 
hospitals, educational questions, public health and safety, 
other than police and municipal engineering. fire depart 
ment, street lighting, use of electricity, markets, excise 
weights and measures, harbormaster. 

Civil Commissioner.—Jurisdiction over taxes and assess 
ments, law department, auditor's office, property depart 
ment, street and alley cleaning, collection and disposal of 
garbage, police department 

Engineer Commissioner.—Jurisdiction over the engineer 
ing work of the District under the supervision of two as- 
sistant engineer officers of the Army, with assistant engi 
neers or superintendents as follows: 

Assistant Engineer Officer._-Streets, pavements, grades 
and construction of roads.—Computing Engineer 


Compression Tests on Spring Draft Gears. 


Total 

Movement Load Move- workin 

of yoke at when ment ft -Ibs., 

Rigging. Series 20,000 lbs. solid, when solidFinal set Load at failure, in Ibs. in spring 
No. in ins. in Ibs. in ins. in. actior 
Thornburg (steel)... 3—1 O1 35,000 1.59 0.515 Spring housings (steel). bent about 180,00) 2,314 
ie 2 1.12 35,000 1.72 -77 Spring housings,* failed about 170,000.... 2 50S 
“ 1.0 40,000 1.74 1.14 Spring housing,® failed, about 120,000.... 2,900 
1.05 35,000 1.65 53 Spring housings (steel), bent, abt 120000 2 405 
Miner (wood) we .68 40,000 1.66 . Test not extended to determine failure... . - 
30,000 1.56 Sill bearing crushing, about 50,000...... 
‘ 26 40,000 1.77 1.2 Sills crushed, 150,000. 2.0% 
.92 40,000 1.87 -8 Sills crushing, 120,000. 3,116 
(steel) 67 50.000 18 3 Siil channels bend, 280,000.............. 3,700 
8 65,000 2.63 -29 Yoke bolts failed; 240,000............... 
Butler (wood) 9—2 57 40,000 1.51 34 Sills crushing, about 100,000............. 2,129 


*Malleable 


Note.—In Tables I. and II. an even number following series number indicates a tension test: 


compression test 
machine, 


an add number, 


Failure due to ‘‘crushing of sills’’ indicates that sills crushed at bearing on platform of testing 


Such failure is not to be charged to rigging, but rather to the test attachments, 
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Sidewalks and alleys.—Superintendent of Streets 
Maintenance of county roads.—Superintendent of Roads 
Construction and care of bridges.—Engineer of Bridges 
Surveyor District of Columbia 
Parking Commission.—Superintendent of Parking 
Assistant Engineer Officer.—Water Distribution 
intendent of Water Department 
Water rates 


Surveyor's office 


~Super- 


Water Registrar 
Sewer construction and maintenance 


Sewers 


Superintendent of 
Plumbing plans and inspection.—Inspector of Plumbing 
Building and building inspection.—Inspector of Build 
ings 
Repairs to buildings wharves; inspection of asphalt 
and cement treet extension plans 
property 


superintendent of 
permit department record department 


The unique position among municipal govern- 
ments of the Engineer Department of the Dis- 
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preliminary inspection at the place of manufac- 
ture; and each official in charge of work is held 
strictly accountable for results in product and 
costs; and he holds his position only by his proved 
ability. 

The following advances in municipal practice 
among others should be credited to this depart- 
ment, says Major Black: 

The development of asphalt pavements to suit the cli- 
matic conditions of this country, and the use with them of 
vitrified brick gutters with straight joint 

An extended and careful series of long-time tests for as- 
phalt and cements with reference to their municipal uses, 
including tests of gravel concrete. 

The use of vitrified half pipe for the wearing surface at 
the base of egg-shaped sewers 

The development of an inexpensive concrete sidewalk for 
general city use. 

The use of expansion joints in brick street pavements. 

The development and use of a construction method for 
making concrete reservoirs which do not leak. 

The municipal care of street trees and the control of 
parkings, the latter being the unpaved improved portions 
of the street space between the building line and the 
sidewalk 


STEEL CASING FOR BRICK LIGHTHOUSE TOWER. 


On Cana Island, Wisconsin, in Lake Michigan 
(about 23 miles north of the entrance to the Stur- 
geon Bay Canal), is a brick lighthouse which was 
built in 1870, and has for some time shown signs 
of decay, the bricks disintegrating and getting 
loose, while cracks have occurred in the walls. 
The tower is not exposed to the action of waves or 
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STEEL CASING FOR BRICK LIGHTHOUSE 


Section of Shell, 


Horizontal “News. 


Section A-B. 


Enlarged. 
TOWER ON CANA ISLAND, WISCONSIN 


(LAKE MICHIGAN). ; 
Maj. J. G. Warren, Corps of Engineers, U. S. A., Engineer. Indiana Bridge Co., Muncie, Ind., Contractors. 


trict lies in the fact that at its head is an engi- 
neer who forms one-third of the governing body, 
and its membership is in no way dependent upon 
any political party 

In this department every cent and unit of ma- 
terial is traced and charged to its particular work, 
and this is done with a minimum of clerical labor. 
Supplies are bought under annual contracts, made 
aftor advertisement for proposals; cement is fur- 
nished to the various contractors at a price slight- 
ly in advance of the retail market value, and is 
named in the contracts; bulky materials, such as 
paving brick, sewer pipe, ete., are subjected to a 


spray in storms, but is exposed to beating rains 
and hail, and to the effects of the freezing of the 
surface after winter storms. After considering 
the reconstruction of the tower and. different 
methods of repair, it was decided to build a steel] 
shell around the tower, and to fill in the space 
between the tower and shell with concrete. The 
contract for the metal work of this was awarded 
to the Indiana Bridge Co., of Muncie, Ind. The 
erection will be done by day work under the direc- 
tion of Major J. G. Warren, Corps of Engincers, 
U. S. A., Engineer of the Ninth Lighthouse Dis- 
trict, at Milwaukee, Wis. The 100-ft. lighthouse 


tower at Grande Point au Sable, Michi 
thus treated about two years ago, afte: 
by Mr. Edward L. Woodruff, M. Am. Si: 
Assistant Engineer of the District. Oth 
lighthouses may also be treated in the san 
as this method seems the most econom 
the preservation of such structures. 

A concrete shell, without the steel casing, 
afford sufficient protection if built of the bes 
terials and in the best manner, and provid 
that the shell was of sufficient thickness { 
port itself without the aid of the brick | 
Such a structure, however, would be, in the 
ion of the engineers, a much more expensiy 
fair than the steel shell with concrete bax 
The reasons for using a steel shell were the 
omy in construction and the smooth surfa: 
painting, which gives a color for distinguis 
the tower as a mark by day. eS 

The steel shell consists of horizontal cylinad: : 
courses 4 ft. high, each ring composed of 
segments riveted together in the field at vert 
flanges formed by steel angles. The top flang 
each course is an angle 3 x 3 ins., while the | 
tom flange is an angle 5 


3 ins., so that th: 
ameter of each course is 4 ins. less than that 
the one below; the shell thus tapers to conforn 
the batter of the old tower. The horizon: 
flanges are riveted together. The two bott: 
courses are 17 ft. 6 ins. diameter, and 5 ft. hic 
with the bottom flange angle anchored to 
stone foundation of the tower, and this bott 
section has an opening 8 ft. wide for the cover. 
way or gallery leading from the keeper’s hous: 
the tower. 


a 
3 


Above this the courses are all 4 
high, the web plates ranging from *-in. to 3-16 
in. in thickness. The total height of the she! 7 MO 
from the base to the gallery around the lantern. j . 
G2 ft., and its diameter is 17 ft. 6 ins. at the bot 
tom and 13 ft. 2 ins. at the top. There are six 
windows, 14 ins. diameter, hinged to iron framv< q 
bolted inside the shell; these will be placed during ; ae 
erection, opposite the windows in the brick shaft i ut 
The courses are built at the shops in separat ois 
cylinders, eight segments to each course, and hay 4 
the vertical flange angles crimped to fit over th: - 
top and bottom angles. To earry the erecting : - 
platform, triangular brackets are bolted to the “i 
vertical flange angles, these brackets being 
moved upward as each course is ¢ompleted. Th» as 
segments are oiled instead of being painted at om 
the shops, being given one coat of pure linseed » 
oil; they are given three coats of white lead paint os 
after erection, the color of the finishing coat being : it 
buff. 
The material is required to be open-hearth or ; * 
Bessemer steel, with not more than 0.08% of phos- if 
phorus. The plates and shapes are to be of 
medium steel, 60,000 to 70,000 Ibs. ultimat: 
strength, with a minimum elongation of 22%; and 
test pieces with a sectional area of at least 14 sq 
in. must bend 180° to a diameter equal to the ‘ ni 
thickness of the piece, without any sign of frac- 


ture on the outside. The rivets are to be of soft : 
steel, 50,000 to 60,000 Ibs. ultimate strength, 26 , 
elongation, and the test piece must bend 180° flat 2 
on itself. The rivets are to be machine-driven a 
wherever practicable. 

When a few courses have been completed, con- ¢ 
crete is poured between the steel and the brick. . 


and rammed in place. This concrete is composed 
of 1 part Louisville cement, 4 parts fine stone and 
3 parts sand. The mixture may consist of 1 bar- 
rel of cement, 3 barrels of sand and 20 cu. ft. of 
crushed stone, which will approximate to the pro- 
portions given above. 

The work will be done this summer, and the 
total cost, including the steel shell and its erec- 


tion, concreting, painting, ete., is estimated at 
$4,000, 


THE EARLIEST TRACK-LAYING MACHINE patent is 
said to have been that issued in February, 1878, to the 
late Mr. D. F. Holman, of Chicago. This has now ex- 
pired, but the Holman machine, modified and improved 
from time to time, has been used in laying over 9,000 miles 
of track on more than 100 railways. This information has 
been given us by Mr. W. L. Cowles, M. Am. Soc. C. E.. 
Secretary of the D. F. Holman Railway Tracklayer Co., 
of Chicago, in connection with the editorial note on the 


use of track-laying machines, in our issue of July 10, 
1902. 
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‘'— METROPOLITAN WEST SIDE ELEVATED 
RAILWAY OF CHICAGO. 
ld Park line of the Metropolitan West 
d Ry., of Chicago, will form the city 
of the Chicago, Aurora & Elgin Elec- 
latter being a third-rail double-track 
electric railway designed for high- 
e. It is possible that at some future 
iterurban cars may be run over the 
iilway to the center of the city, but at 
such arrangement is contemplated, and 
be a surface transfer station at 52d 
reach this station, the elevated railway 
, has built an incline, with a grade of 
a n its present station at 48th Ave., this 
ot ing a double-track deck structure with 
fees = of plate girders supported by transverse 
it iers on two rows of steel columns with 


Screw Jack 
Lug for Anchor 


Bolts... 
___Follers-- 
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laid two lines of SU-lb. rails about 12 ins. apart 
Three or four 2-in. iron rollers were placed under 
the %-in. base plate of each column. This being 
all done, the structure was ready for moving. To 
accomplish this, ordinary house-moving screw 
jacks were used, the screw lying in a hollow tim- 
ber. These jacks were butted against shims on 
the inner side of the line of columns nearest to 
the new position, so that these columns and their 
connections pulled the structure with them. The 
jacks were slightly inclined and were butted 
against the ends of inclined timbers braced jnsid 
of the blocking. 

The whole section of 19 connected spans was 
moved over as one piece, sights being taken along 
the columns to ensure that the structure was not 
buckled. The west portion, with the lesser move- 
ment, was first partly moved, and then the east 
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MOVING THE STRUCTURE OF THE METROPOLITAN WEST SIDE ELEVATED RY.: CHICAGO. 
W. S. Menden, Chief Engineer. 


yicrete pedestals. The structure is very rigidly 

yynected and braced. There are 24 spans of 45 
to DO ft., followed by a through plate girder 
bridge over D1lst Ave. At the time the structure 
was built the company could not get the right to 
eross certain property on 48th Ave., and instead 
of building a straight line it was necessary to 
divert the east end about 40 ft. to the north, and 
then approach the direct line at an angle. This 
necessitated awkward reverse curves at the east 
end connection with the elevated railway, these 
curves being located on the first three spans of 
the incline. As it was understood that the de- 
sired right of way would eventually be obtained 
and the structure shifted to form a straight ex- 
tension of the elevated railway, provision for the 
reduction in length on the new location was made 
by extra plates spliced on the ends of the girders 
of the spans carrying-the curve. 

The necessary right of way was obtained sooner 
than had been expected, and as the interurban 
railway is not yet open for traffic, it was decided 
to shift the incline at once. This involved the 
moving of 22 spans, including the three spans for 
the curve. New concrete pedestals were built for 
the column foundations, with anchor bolts set in 
place. The three spans on the curve were cut 
apart to allow of removing the end panels, as 
already noted, so as to leave these girders of the 
proper length for the straight spans. These three 
spans were supported by timber bents, with 6-in. 
wooden rollers between two lines of sills, and they 
were moved independently of the rest of the 
structure. 

The overhanging east end of the first straight 
span (a span No. 4), being cut away from the 
transverse girder, was supported by cribbing 
which rested upon sills and wooden rollers. This 
end had the maximum travel of about 40 ft. to 
the new position. At the west end of span No. 22, 
where the movement was zero, the splice joints 
over the columns were cut, and the ends of the 
girders of this span were braced by struts against 
the south side, so that the structure would prac- 
tically pivot on this point. In preparing to move 
these 19 connected spans, the nuts on the anchor 
bolts of the old pedestals were removed, and the 
structure then jacked up about 18 ins. to clear 
these bolts, which passed through plate lugs riv- 
ted to the side webs of the columns. 

Blocking was then built between the old and 
new pedestals at each bent, this consisting mainly 
f 6-in. and 8-in. timbers, and upon this were 


ern portion; these portions were worked alter- 
nately, keeping the structure practically in line 
On the portion being moved there was one man to 
each bent, working the jack, while extra men 
helped at the various bents when the jacks and 
jack timbers or rollers had to be shifted and ad- 
justed. The maximum movement was about 40 
ft. at the east end, decreasing at each bent until 
it became zero at the west end. The last two 
spans (connecting with the 5lst Ave. bridge) were 
left undisturbed. When the columns were in posi- 
tion, they were adjusted so that the holes in the 
shoes and anchor brackets would fit the anchor 
bolts, and the columns were then lowered upon 
the new foundations. 

The contract for the entire work was awarded 
to Grace & Hyde, of Chicago, who sublet the work 
of moving the structure to Rector & Co., also of 
Chicago. The moving was commenced on July 25 
and completed in a few days, the work not being 
hurried, as the line was not ready for traffic. The 
entire work of changing the line occupied about 
two weeks. 

A similar piece of work was done on the Doug- 
las Park line of the same elevated railway last 
year, about 600 ft. of the line being shifted so as 
to take out a reverse curve. In both these changes 
the work was planned by and executed under the 
direction of Mr. W. S. Menden, Chief Engineer of 
the Metropolitan West Side Elevated Ry. Besides 
these changes, the structure has been raised 
bodily at certain parts of the line, on account of 
the track elevation work on some of the steam 
railways which the elevated lines cross. An im- 
portant piece of work of this kind was described 
and illustrated in our issue of Sept. 30, 1897. 


NOTES FROM THE ENGINEERING SCHOOLS. 


PURDUE UNIVERSITY.—A full-sized model, 
complete in every detail, of an early locomotive 
has just been presented to Purdue University 
through the courtesy of Mr. R. P. C. Sanderson, 
Superintendent of Mective Power, and Mr. J. M. 
Barr, General Manager, of the Seaboard Air Line 
Ry. The model is a copy of the ‘‘Tornado,” the 
second locomotive owned by any of the original 
roads composing the present Seaboard Air Line 
Ry. The “Tornado” was purchased in England, 
and in March,. 1840, was placed into service in 
this country. It had a single pair of drivers and 
a four-wheel truck under the engine, with a 
four-wheel tender; the firebox was cylindrical. 


AN OIL-WELL PUMP.ROD JOINT PROTECTOR. 


A considerable portion of the petroleum pro- 
duced in this country, and especially in California, 
comes from so-called pumping wells, which may 
be from 500 ft. to 3.000 ft. deep. In these wells 
the pump is located at the bottom, and it is 
worked through the medium of a chain of pump 
rods operated from the surface by steam power: 
each stroke of the pump rod raising and lowering 
a valve and forcing the oil up through the lining 
or tubing in which the pump rod is confined for 
its entire length. These pump rods are joined by 
screw couplings, and these joints wear out rapidly 
owing io several causes. The first of these is the 

sand contained in the oil, 
j which in some cases will 
} scour out the joints in a 
few days, wearing out 
the thread, and, unless 
carefully watched, caus- 
ing the pump rod to part, 
with all the attendant 
difficulties and cost of re- 
covering this rod by the 
use of “fishing  tools.”’ 
The second cause is the 
not generally recognized 
fact that no well is or 
can be bored perfectly 
vertical; there 


always 
are some slight bends in 
the bore, and at each of 
these bends thera is fric- 
tion between the pump 
rod joints and the tubing, 
causing a more or less 
rapid wear in both joints 
and tubing. 

To obviate the exces- 
sive operating cost re- 
sulting from these causes, 
Mr. W. G. Leale, of San 
Francisco, Cal.. has de- 


An Anti-Friction Joint for 
Oil-Well Pump Rods. Vised a very simple pro- 
W. G. Leale, San Fran- tector, to be placed be 
cisco, Cal., Inventor. 

tween the jointed pump 

rods. It is, in fact, a 
short extra section of pump rod, threaded to con- 
nect two 20-ft. lengths of main pump rod; and in 
this short section are two small metal friction 
wheels, set at right angles to each other and _ pro- 
jecting sufficiently to bear against the sides of 
the tubing. By this device the wheels roll on the 
tubing and no scour or friction can come upon the 
threaded joints. 

The protector has been practically and success- 
fully tested in some very sandy oil wells in the 
Bakerfield oil region of California. One user tes- 
tifies that the pump rods in his well formerly 
wore out in from two to seven days, involving a 
loss of from 12 to 15 rods each time, and costing 
him in money about $100 per month, not includ- 
ing loss from cessation of pumping or from wear 
on tubing. After two weeks’ continuous use with 
the protectors, the pump rods and _ protectors 
showed little or no wear, and his engineer reported 
a considerable decrease in the power required for 
pumping. 

This protecting device, known as the Leale- 
Vinzent Pump-Rod Protector, is being placed 
upon the market by the W. G. Leale Manufactur- 
ing & Development Co., of 137 Montgomery St., 
San Francisco, Cal. 

AN ALUMINUM AUTOMOBILE has been made by G. M 
Quimby & Co., of Newark, N. J. The aluminum body 
is fitted with a 16-HP. Panhard motor, imported for the 
purpose. The advantages claimed for the use of aluminum 
are strength and lightness; this tonneau body weighs less 
than 150 Ibs.; though it has a seating capacity for seven 
persons—an ordinary body with one seat weighs 75 to SO 
ibs. Aluminum can also be shaped into beautiful and 
graceful designs, and any coloring can be applied. 
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A PERMANENT WESTERN MEXICO EXHIBITION i« 
to be established at Guadalajara, State of Jaliseo. It is 
to be opened by the President about Aug. 15, and manu- 
facturers from the United States have been invited to ex- 
hibit, and about 50 firms from St. Louis alone have re- 
sponded. 


Guadalajara is the center of a rich agricul- 
tural district, and is the distributing point for the mining 
and fruit-growing districts of the West coast. 


\ 
— ome m F Rome me me 


Ro ~<NGINEERING NEWS. Vol. XLVIII. 
EN G I N EERI NG N EWS on presentation of the water bill, or by payment ordered in August, the work was de} 


AND 
AMERICAN RAILWAY JOURNAL. 


Entered at the New York Post-Office as Second-Class Matter. 
Published every Thursday 
at St. Paul Building, 2 Broadway, New York, by 


THE ENGINEERING NEWS PUBLISHING COMPANY 


GEO. H. FROST, - - - PRESIDENT. 
D. McN. STAUFFER, - » & Vick-PRESIDENT. 
CHARLES WHITING BAKER, SECRETARY AND MANAGING EDITOR 
F. P. BURT, - TREASURER AND BUSINESS MANAGER. 


WM. KENT, E. E. R. TRATMAN, 
M. N. BAKER, CHAS.S. HILL, 


ASSOCIATE 
EDITORS. 


A. B. GILBERT, - ASSISTANT MaNAGER, 


CHAS. W. REINHARDT, Curer DRAFTSMAN. 


ALFRED E. KORNFELD, New York, | 
M. C. ROBBINS, Chicago, 
& B. READ. Boston. 


ADVERTISING 
| REPRESENTATIVES. 


PUBLICATION OFFICE, 220 BRoaDWAY, NEW YORK. 
OFFick, 1636 MONADNOCK BLOCK, 
Boston OFFIcE, 170 SUMMER ST. 
CLEVELAND OFFICE, OSBORN BULLDING. 


FOREIGN AGENTS. 
©, Mrrcre.y. & Co, Snow Hill, Holborn Viaduct, Lonpon. 
Rvupo.r Mosse, and HAMBURG, GERMANY. 
Joun F. Jones, & Cre, 31 Rue de Faubourg Montmartre, Parts. 


SUBSCRIPTION RATES: United States, Canada and 
Merico, One Year, $5.CO; G6 months, $2.50; 2 months, 
$1.00, To all other countries in the Postal Union: Regular 
Edition, One Year, $7.60 (31 shillings); Thin Paper Edi- 
tion, One Year, $6.31 (26 shillings). SINGLE COPIES 
of any number in current Volume, 15 cents. 

In requesting change of mailing address, state BOTH 
old and new address; notice of change should reach 
us by Tuesday to be effective for the issue of the current 
week. The number on the address label of each paper 
indicates when subscription erpires, the last figure indi- 
cating the year and the one or tivo preceding figures the 
week of that year; for instance, the number 322 means 
that subscription is paid to the 32d week (that is the issue 
of Aug. 7) of the year 1002; the change of these figures 
is the only receipt, unless one is sent by special request. 

ADVERTISING RATES: 20 cents a line. “ Want” 
and “ For Sale” notices, special rates, see page XXIV- 
XXX. New copy for standing advertisements should 
be received one week in advance of publication; new ad- 
vertisements, Monday morning. The pages containing 
“Want,” “For Sale” and “ Proposal” advertisements 
are held open until Wednesday noon. 


One of the greatest obstacles in the way of ex- 


tending the meter system in many cities is 
the regulation that the 9%wners of property are 
responsible for the water bills of their tenants. 


In our issue of July 24, a quotation was made 
from the Memphis “Scimitar,” in which an other- 
wise foolish argument against meters raised this 
point. Now the Nashville “Ameri- 
with the following protest against putting 
schedule rates in the same category: 


very comes 


can,” 


Why should owners of property become bill collectors 
for the city and be held responsible for their tenants 
water bills any more than they should be held responsible 
for and be forced to collect their tenants’ gas bills and 
grocery bills? The average owner has his hands full col- 
lecting rent, why impose this public duty upon him? 

This is very much the same line of argument 


as we employed in the Memphis case, before the 


Nashville item was received, but the argument 
is far stronger where meters are involved, since 
the schedule rates are a fixed quantity and the 
very object of the meter rates is to provide for 


variable quantities due to either use or waste, and 
particularly the latter. With schedule rates, the 
house-owner has only to add the water rent to 
the ordinary house rent in order to protect him- 
self, while with meter rents he does not know 
what to add. Opponents of meters seize on the 
latter fact as an argument against meters, but 
it is really an argument against compelling les- 
sors to assume the water bills of their tenants. 
With the extension of the meter system ways to 
these difficulties will be found. The 
simplest, of course, is to collect the meter charges 
from the consumer, instead of the owner. Where 
city charters or contracts with water companies 
do not permit this practice, perhaps the best that 
can he pending a reform, is to draw all 
leases so that the tenant will become responsible 
to the landlord for the whole meter charges, either 


obviate 


done, 


of a fixed sum with the monthly rent and the ex- 
cess, if any, when the meter bills are rendered. 
Of course this will not relieve the lessor from 
responsibility to the city or water company for 
the full amount of the water bill, but it will mere- 
ly add to his continual risk for default on house 
rent a like default on water rent, and where house 
rent is paid in advance the water bill risk will be 
only the excess over the constant charge. 


> 


On another page of this issue we reprint a paper 
by Mr. B. J. Arnold dealing with the subject of 
electric traction on the New York terminal divi- 
sion of the New York Central & Hudson River 
R. R. The division in question includes the noto- 
rious Park Ave. tunnel, best remembered, per- 
haps, by a rear end collision which occurred in 
the tunnel last autumn, in which some fifteen 
lives were lost. The division is somewhat diffi- 
cult to operate, because at its lower end, Grand 
Central Station, it terminates in a switching yard 
much too small for the traffic, so that there is an 
extensive transfer of empty trains over the divi- 
sion to and from the storage yards at Mott Haven 
Junction, its upper end. The added traffic is not a 
serious matter in itself, but becomes important in 
its bearing on the conditions in the Park Ave. 
tunnel. This tunnel has long been a_ public 
nuisance as well as a notable hindrance to traffic. 
This is so not because of the tunnel as such, nor 
because of the unparalleled amount of traffic— 
railway tunnels with very” heavy traffic are not 
uncommon and give no particular trouble in opera- 
tion—but the Park Ave. tunnel has entirely inade- 
quate natural ventilation, a condition of things 
made worse by the peculiar construction of the 
tunnel (see a drawing in Engineering News of 
Oct. 17, 1902), and no real attempt has ever been 
made toward providing it with proper artificial 
ventilation. Thus the tunnel has for years been 
a menace to safe operation of traffic over the 
division, and an inconvenience, even a hardship, 
to travelers passing through it. 


o— 


Many plans have been proposed for improving 
the tunnel. Among these were the operation of 
the division by compressed-air locomotives; by 
superheated-water locomotives, or by some 
method of electric traction; another scheme was 
to convert the tunnel into an open cut, and still 
another was to provide the tunnel with a system 
of forced ventilation. The last-named plan would 
seem to be the most direct and natural solution 
of the problem. It has been advocated from 
many quarters; Engineering News in particular, 
as our readers will recall, has strongly recom- 
mended this plan (Eng. News, July 11, 1901), 
basing its argument on a full and clear analysis 
of the issues involved. The railway company, 
however, has at all times been rigidly opposed to 
this solution of the question; its aim has been to 
secure permission for constructing an open cut 
in place of the tunnel, a proceeding which would 
have caused an enormous and needless loss to 
the city in depreciating a great and valuable resi- 
dence district. The company has seemed no less 
opposed to electric traction on the Mott Haven 
Division, on the ground that it would not be prac- 
ticable unless the entire suburban traffic on the 
line could also be handled by electricity. When, 
however, it became evident, a year ago, that no 
open-cut construction on Park Ave. would be 
tolerated by the city of New York, the company 
proceeded to make a study of electric operation. 
This study, which was carried on unknown to the 
public, was in charge of Mr. Arnold, and the tech- 
nical results of his work are summarized in the 
paper which we reprint. 

There are many interesting things about the 
paper, even aside from its immediate contents. 
For one thing, it represents an official overture 
on the part of a large railway corporation toward 
electricity as a direct motive power on a part of 
its lines. It also constitutes a thorough and satis- 
fying solution of an engineering problem of con- 
siderable importance and of long standing. Prob- 
ably as interesting a feature of the paper as any 
other, however, is that the whole investigation 
was carried out and the report submitted all 
within the short space of four months. Though 


various causes, so that it was beg) 

October, 1901; the final report was ); 

the railway company in February, 1!) 
the situation called for the utmost 4, 
was a matter of surprise even to M, 

professional colleagues, that he had be, 
accomplish so extensive and important 

taking as this was in such a remarks 
space of time, and it must be regard: 
whole engineering profession as an ach 
worthy of high praise. 


LABORATORY DRAFT GEAR TESTS AND THE 
OF ACTUAL SERVICE. 


In-another column of this issue we recor: 
the results obtained by the special comn 
the Master Car Builders’ Association in 
of tests made to determine the strength o: 
ent forms of freight car draft gear under 
and static loads. Two facts stand out 
nently in these results. The first fact is 1) 
drop test made by the committee was becs 
its character comparable only in a slight n 
to the actual impact shocks which freig! 
receive in service. The second fact is tha 
in some cases did the load at failure in t! 
sile and compressive tests indicate at a 
strength of the same draft gears in servi 
the reason that the attachments used in th, sts 
were not under the strains that they are sul) 
to in actual service. 

At first sight it may seem from these 
ments that the work of the committee has 
performed to little purpose. To be pe: 
frank, the results of the committee’s tests | 
somewhat disappointing, but it is unfair, b: is 
of this fact, to draw the hasty conclusion 1 
they are of no value. They at least demons 
the limitations of laboratory tests and th: { 
for a more careful method of conducting 
tests within the limits of their usefulness; (he) 
also demonstrate fairly the inadequacy of 
tain details and materials which the manu‘ic- 
turers will be glad to improve, now that 
weakness is known. At best, laboratory tes'- 
draft gear will never be more than a check uj 
the material and design of the attachments u 
consideration. They can offer hardly any re! 
information of the relative merits of two gears «! 
different type, or even of two different design 
the same type of gear. No test but that of actua 
service can afford this information. 

Just how far short of the shocks of actual 
traffic the drop tests made by the Master (i. 
Builders’ committee fall is well brought out by a 
committee report published in the May “Proce d- 
ings” of the Western Railway Club. This rep rt 
recounts in considerable detail the pulling an! 
buffing strains recorded by a dynamometer «1! 
made up with regular trains in actual service. |! 
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principal contents may be summarized briv'!\y 
as follows: 
Two series of tests are recorded. The firs! 


series was conducted on the Lake Shore & Mic! 
gan Southern Ry., and comprised 34 trips, ager: - 
gating 2,512 miles. Some of the trips were ma 
on the main line, where the grades did not exc: 
0.3%, and others were made on a branch |i: 
having maximum grades of about 1%. The dyn 
mometer car was one especially designed 
tests of this character, and it had a nomin:! 
measuring capacity of 300,000 Ibs. The locon 
tives used in the tests were of the consolidati.: 
type, having a total weight of 175,000 lIbs., °° 
which 155,000 lbs. were on the drivers, and 
tractive force of 36,000 lbs. The cylinders we: 
21 x 30 ins. and the steam pressure was 200 |b- 
The trains were handled as in ordinary traffi 
but by engineers and trainmen who had be: 
trained to use care in avoiding heavy pulling an! 
buffing shocks in performing their work. Th 
second series of tests were made on another roa 
where the men handled the trains roughly. 
should also be noted, perhaps, that in the fir- 
series of tests spring draft gears were used, an 
in the second series the draft gear was of t! 
friction type. 

So much for the character of the tests mad: 
The results obtained were, in brief, as follow: 
With a skillful engineer the teasile and buffin: 
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« ons seldom exceeded 50.000 Ibs. and 80,000 
respectively, but with a less skillful handling 
trains these strains increased to 70,000) Ibs 
150,000 Ibs., respectively. The significant 
we of these general figures is the proof 
n they furnish that care in handling trains 
natter of extreme importance. These figures, 
ver, do not tell the whole story, as may be 
from the following extract from the com- 
ee’s report: 
most ordinary movement in coupling up engines and 
even if performed with care, results in heavy buffing 
<s. An engine coupling on to its train gives stresse 
ng from 65,000 to over 142,009 Ibs.; a switch engine 
ng onto the dynamometer car standing alone gives 
ess of 103,673 Ibs.; when a string of loads was be- 
| the car the switch engine coupling on gave a buffing 
k of 199,482 Ibs.; and 30 loaded cars moving at about 
miles per hour and coupling on to ten loads with 
ces set gave a shock of 376,492 Ibs. After the com- 
on of a certain trip, the train was placed on the re- 
ng track in the poling yard, and the dynamometer car 
eg on the head end, the first operation was to pole it 
» a track that was supposed to be clear. There was, 
ever, a loaded 60,000-lb. furniture car standing on the 
k, and the dynamometer car struck it at a speed of 
miles per hour. The apparatus in the car recordel 
704 Ibs., which was its limit. What the actual shock 
cannot be told. A coupler was broken and som? 

‘ht additional damage was done. The car was new, 

ch doubtless explains the small damage done. 

‘rom the general results of the tests it is believed that 

tensile strains in draft gears with careful handling 
| frequently reach 50,000 Ibs., with ordinary handling 

Quo Ibs., and with decidedly rough handling fully 100).,- 

 Ibs., while the buffing strains can be placed at 100,00), 

«000 and from 200,000 to 300,000 Ibs. respectively. In 

treme cases the buffing strains will go considerably 

ove the last-named figure. It will undoubtedly require 
ore extensive tests to determine whether these figures 
ed modification, but it is evident that the tests give us 
more definite idea of the strains which draft gears and 

ls must stand than we have been able to obtain here- 
‘ofore. Continued investigation along these lines should 
fnally result in a sufficient amount of information to 
ermit a more exact method in the designing of draft 
rears, 

In commenting upon these figures, it is fair to 
say, we think, that very few railway motive 
power Officials have appreciated that their car 
framing and draft rigging were being subjected 
to any such strains in actual traffic. In fact, we 
think that many of them will still question the 
statement that buffing shocks closely approach- 
ing 200 tons actually occur under the by no means 
exceptional circumstances cited by the committee 
in the quotation from its report which we have 
printed. With no more details than the report 
gives upon which to base judgment, we are in- 
clined to question the entire accuracy of the 
dynamometer record of such enormous impact 
loads. Is it not quite likely that the momnentun 
of the recording apparatus, moving suddenly 
under the shock of colliding cars, has resulted, 
by a jump of the pen in these instances, in a fa'se 
record? A point of evidence which suggests thi: 
possible was given by Mr. E. M. Herr, who wit- 
nessed the tests. Mr. Herr stated, in discussing 
the report, that the heaviest blows were never 
sustained; the blow came with great suddennes: 
and was over at once, as shown by the recording 
pen. The blows below 100,000 Ibs. were, how- 
ever, frequently sustained an appreciable length 
of time. 

If we accept at their full face value the figures 
of the report, it is plain that railway motive 
power and operating officials have a rather seri- 
ous problem before them. The committee itself 
concludes that these figures show the necessity of 
something better and more effective than the 
spring draft gear so commonly used. In its opin- 
ion, it would be reasonable, in view of the figures 
given, to require draft gears and under-frames to 
be capable of withstanding tensile strains of 150,- 
(00 lbs. and buffing strains of 500,000 Ibs. This 
is putting a rather heavy burden upon the car 
builder and the manufacturer of draft gear. Are 
we certain enough of the figures cited to warrant 
us in going so far as to demand these capacities 
of them? Furthermore, is it not equally reason- 
able to demand that trains be handled more 
carefully? 

According to the figures given, the pulling and 
buffing shocks, when a train is roughly handled, 
are from two to three times as great as they 
would be if the train were carefully handled. 
Why should the car structure be made to bear 
alone the burden of carelessness? The exception- 
ally heavy shocks quoted in the committee report 
resulted from conditions which are not neces- 
sitated by the objects sought. To back into a 
train of loaded cars with their brakes set at a 
speed of 64 miles per hour is not necesgary jn 


order to make a coupling; nor is it justifiable to 
mistake an obstructed track for a clear one, and, 
therefore, smash one car into another at a speed 
of 15% miles per hour. There is evidently no 
insuperable obstacle to the operation of trains so 
that the pulling and buffing shocks will in nearly 
all cases come far below the maximum figures 
quoted. Instead, then, of assuming that the car 
structure should be designed to withstand these 
enormous shocks, it would seem a wiser plan to 
class these exceptional shocks as accidents and 
to charge the trainmen with the blame and pun- 
ishment for them. 


LETTERS TO THE EDITOR. 


The Performance of the Dredge “J, Israel Tarte.” 


Sir: I observe in a notice which you have in last issue 
that you refer to me as “Chief Engineer of the Bucy 
rus Co., South Milwaukee, Wis.’’ I would like to state 
that I am no longer connected with the Bucyrus Co. You 
also state that the performance of the dredge as quoted 
is as estimated by the Montreal ‘‘Herald,”’ which natur- 
ally is not very reliable. For your information I will say 
that the official engineer's estimate of the work of this 
dredge for the week ending July 12th is 106,925 cu. yds 
This was done in six days and four nights and in blue 
clay in 36 ft. of water delivered 2,000 ft 

Yours very truly, A. W. Robinson. 

Montreal, Canada, July 26, 1902. 


The Voids in Sand. 


Sir: Your correspondent ‘Civil Engineer’’ in Engineer- 
ing News of July 10 brings up a question concerning the 
percentage of voids in sand which is not new to those 
familiar with concrete construction and which indicates 
the errors into which this method of specification of con- 
crete proportions may lead those unfamiliar with the 
nature of sand. 
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Percentage, (by Weight)of Water to Sand 
when Dry. 


Diagram Showing Variation in Volume of Voids in a 
Sample of Sand When Containing Various Per- 
centages of Water and When Loose or Ther- 
oughly Tamped. 


The percentage of voids in sand depends on the compact- 
ness of thes and and this compactness in its turn depends 
on other conditions, two of which produce great variations, 
namely, the amount of tamping of the sand and the per- 
centage of water present in the voids of the sand before 
such tamping. 

Furthermore, unless great care js taken, large amounts 
of air are entrained in a sand during the process of 
measuring the amount of voids as indicated by ‘‘Civil 
Engineer,’ and such measurements become worthless by 
indicating a percentage of voids entirely too low. The 
sand should always be poured very slowly and gently 
into the water, and, under no circumstances, should the 
water be poured into the sand. I have found that a 
failure to appreciate this entrainment of air entirely 
vitiates the use of such method of measuring voids as a 
field method. 

As it is very difficult to find natural sand graded to a 
percentage of saturated voids as low as is given in the 
example quoted by ‘‘Civil Engineer,’’ I would suspect the 
presence of entrained air in the sample. 

The writer has made many experiments on different 
grades of sand with varying percentages of voids and the 
diagram illustrates the results obtained from one sample 
of sand having a percentage of voids somewhat similar to 
thet reported by ‘Civil Engineer.’ As can be seen by a 
study of this diagram, a single sample of sand, by vary- 


ing the taping from loose to hard, and the per 


enlage 


water from zero to saturation, irrespective of diffleulti: 


in measurement due to entrained air, can be made to show 
almost any percentage of voids a wily contractor desire 


Paterson, N. J., July 24, 102 


Sir: I submit the following answer to the query » 
“Civil Engineer in your issue of July 10, relative to 
voids in sand. Assuming that the sand is to be used fo 
cement mortar and specifying a perfect mixture the 
voids of the sand must be filled with neat cement morta 


Owing to the supporting power of the neat cement morta 
there will be no settling of the sand such as takes 
when water only is intermingled As sand is loose ht 
fore mixing, it is obvious that @.342 cu. ft. of neat ceme 

mortar must be mixed with 1 cu. ft. of loose sand to ob 
tain 1 cu. ft. of perfectly mixed cement mortar The 
voids in this instance are accordingly 4.2% 


Respectfully, Claude W. L. Filkin 
Ithaca, N. Y., July 16, 

The Grand Ave. Bascule Bridge at Milwaukee. 
Sir: In answer to Mr. Vallee eriti m (Ene. New 
July 17) of the Grand Avenue Brids The tendency of a 
column loaded eccentrically to bend sideway and in 
figuring such member of a structure, it i simple prob 
lem to allow enough material to make it a afe as if the 
load was directly applied to the center of gravity of th 

section. The same is true of the foundatior for 
Grand Ave: Bridge. The maximum load come 4 %% 3 
ins. from the front of a $2-ft. pier, but care was takes 


to place under that point more piles than in the rear and 


in such a number and so grouped that the load per p 


is the same for the whole structure Hence there is very 
little possibility of an uneven settlement of the founda 
tions None has taken place since the bridge is in opera 
tion, for the asphalt roadway and cement sidewalks of th: 
approaches would then show cracks over or around the old 


abutment. 

The main girders were not all of the same length when 
shipped from the shops, which accounts for a_ bigger 
clearance, between their ends, at the center lock on one 
side of the structure, than én the other 

Contrary to what has been asserted, nothing falls on the 
machinery when the bridge is opened, for wooden cover 
ings have been provided long ago 

I had a look at the trunnion boxes a few days ago and 
found Mr. Vallee’s statement that the babbitt had shifted 
under the enormous pressure, to be incorrect. Oijling 
now just as easy and effective as on the first day th: 
bridge was in operation. The bridge can be opened at S4 
in less than half a minute, with only 14 HP 

An air buffer with a well-regulated valve much 
better than a block of oak if the tenders, for some reason 
lose control of the bridge in closing it. But a careful ten 
der I admit, could easily get along without an air buffer 
The break in the floor of the Grand Ave. Bridge being 
back of the trunnions, a heel lock is useful, if not ab 
solutely necessary. 

The first day this bridge was opened for traffic, | wa 
standing at the center of the bridge, with a foot on each 
leaf during a fire run; engines came along thundering on 
the structure, sometimes two abreast, but could hardly 
feel any vibrations: and the heel and center locks had no 
then been placed. 

The 7-ft. gear is a split one and can be easily take: 
out and repaired or replaced. 

The bolting of the main racks under the bottom flang: 
of the main girders instead of alongside of them, would 
have been a more economical and ideal way of operating 
the bridge, but it would have brought the remainder of 
the machinery dangerously near the protection pile 
That point was well studied when the operating machinery 
was designed. bd 

In each pier a wrought-iron pipe has been built, reach 
ing to the bottom of the catchbasin, by which the pits can 
be pumped dry. 

In answer to the other points of Mr. Vallee’s criticism | 
would say that this whole structure was designed by the 
Wisconsin Bridge & Iron Co., according to the very rigid 
and up-to-date specifications gotten up by the city engi 
neer of Milwaukee, and that all details were looked into 
and approved by him or his representative. 

The width of channel was approved by the U. 8. Gov- 
ernment and has proved amply sufficient 

Finally, the bridge stands, and has given entire satis- 
faction so far. Yours truly, 

Alvin Gravelle, C. E., Agsoc. M. Am. Soc. C. E. 

Milwaukee, Wis., July 25, 1902. 


Loss of Head in Flow of Water Through 234-In. Fire- 
Hose. 


Sir: In view of Mr. Harkness’ letter in your issue of 
July 17, relating to the drop in pressure between the 
hydrant and the base of play-pipe in a 2%-in. flre-hose 
(horizontal) provided with a 1l-in. nozzle, during the 
steady flow of water therein, it seems worth while in- 
quiring as to the probable nature of the phenomenon in 
the case of hose much longer than the longest (1,00 ft.) 
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used by Mr. Charles in the experiments under considera- 
tion. (See your issue of July 3, p. 24.) 
Mr. Harknes relation 
100 — 2.15 L tor P” 2.15 


is evidently the equation of a parabola formed by plotting 
the values of L (length from hydrant to base of play-pipe, 


in feet, in any experiment) as abscissae and the cor- 
responding (computed) values of P (pressure in pound 
per square inch above the atmosphere, at the base of 


play-pipe) as ordinates This parabola is shown in the 
accompanying figure, as CN; A represents the hydrant 
1 B the base of play-pipe; CD, parallel to OX, is the 


ixis of the parabola 
| point that the present writer would like to 
emphasize is that, whatever the nature of this curve may 


geometrical 


The specia 


be in other respects, it is of necessity asymptotic to the 
axis OX (and therefore cannot cross it; though always 
approaching it); for the actual pressure at the base of 
play-pipe must necessarily be greater than that of the 
atmosphere so long as a steady flow is maintained, how- 
ever small the discharge becomes as L is increased it 
is evident, therefore, that a parabola is not the true curve, 
although Mr, Harkness has shown that the parabola in 
the figure approximates the true curve for values of L not 
exceeding 1,000 ft. and serves every practical purpose 
within that range The point N’ has been plotted from 
the observed value of P for L equal to 1,500 ft. and the 
parabola een to pa considerably below it. 

Now if the loss of head between A and B, and hence Pp’ 
itself (this loss of head being, of course, proportional to 
P’), could be expressed accurately as a continuous math- 
ematical function of L and of V, the velocity in the hose 
(such as P’ a constant multiplied by L V'-*), we could 
combine this relation with that obtained by applying Ber- 
noulli’s Theorem to B and m, viz. (corrected for friction): 


V2, 144P V? 
[ about | [ + 
22 w 228 


n pounds of a cubic foot of 


(in which w is the weight 


., the velocity of the jet leaving the nozzle, in 


ft. per second; and g, 32.2) and finally, after employing 


the “equation of continuity 


4 


obtain P as a function of the one variable L. This final 


(2.5)? V — (1)? V,, 
4 


function would probably be rather complicated, but would 
bring out the fact that P could become zero only for an 
infinite value of L.* 

Mr. Harkne having his parabola in view, and pro 
longing it far beyond the range of the experiments until 
it crosses the axis OX (as it inevitably must for some 
finite value of L) goes on to say 

This formula seems to indicate that an initial pressure 


of 10 Ibs. per sq. in. would be completely used up by 
friction in a line of hose about 2,200 ft. long. 

It seems difficult to take this sentence seriously, on 
account of the contradiction involved If the hydrant 
pressure of 100 Ibs. is “completely used up" by friction 
when the water arrives at the base of the play-pipe there 
would be no pressure (above atmosphere) at the latter 
point to account for the increase of velocity that is to 
be brought about in steady flow when the water reaches 
the open air, in the jet; consequently there should be no 
flow: or, in other words the state of the water would be 
hydrostatic, which implies that the pressure is 100 Ibs. 
along the whole length of the pipe; since without flow 
there can be no loss of head. Bearing in mind the prin- 
ciples governing the steady flow of water in pipes, the 
writer sees no reason why a steady flow cannot be main- 
tained in a horizontal hose of any length whatever, with a 
pressure of just 100 Ibs. at the hydrant and a 1-in. nozzle 
on the play-pipe. Sincerely yours, 

e I. P. Church. 
Ithaca, N. Y., July 21, 1902 


The Arches of Westminster Bridge in London. 


Sir With reference to the ‘‘Westminster Bridge, Lon- 
don,’’ controversy, which appeared in Engineering News 
of June 26, no one seems to have cleared the air, although 
the issue hinges on the fact that the old Westminster 
Bridge was quoted by the author of the article and had 
your London correspondent said so the matter would have 
been cleared up Of course the present bridge which re- 
placed the one in dispute was no doubt erected over the 
site occupied by Labelye’s bridge I find in an old work 
on ‘Bridges’ that the particulars quoted by the author 
are correct as to the old bridge excepting the spans, the 
er one alone being 7 ft the others de 
each side 4 ft. per arch with reference to the 


reasing on 
large arches 


(13 in number) thus making the last arch 52 ft. span be- 
tween pier the smaller arches are 25 ft. span as given 
All were emicireular, the rise being half the span in 
each The foundations were laid by means of caissons. 


one of the piers suffering a slight settlement owing to the 


removal of sand from the bed of the river. This bridge 
*The above assumption, P’ const. x L Vi-8, 
finally to the relatior P cL 
another constant 


leads 
. where C’ is 
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was opened in 1750; cost £218,800, and the resident en- 
gineer was Mr. James King. The centers consisted of 
braced semicircular framing supported each side on piling 
and were considered very light in construction. If my 
memory serves me I think Cresy’s ‘‘Encyclopedia of En- 
gineering’’ contains particulars of the old bridge and 
also illustrates the type of center employed; as I have 
not a copy to hand of the above I cannot vouch for the 
same, Unfortunately, the mistake has occurred by ignor- 
ing the fact that the bridge in question was replaced by a 
more modern iron structure just as in the same way the 
bridges at Kew and Vauxhall are now being replaced by 
later structures—one being a concrete arch type. 

The tendency of the engineering profession toward ex- 
tended use of concrete construction in its varied applica- 
tions is most marked, though many of its .possibilities are 
as yet vague and undefined. The ease with which it can be 
handed. and worked into divers forms enhances its utility 
as a constructive medium. The methodof strengthening the 
construction by imbedding steel in the concrete, com- 
mon to the various systems in use, points to a fact that 
such reinforcement adds an unknown amount to its 
strength, let alone its protective value; the corrosion of 
metals such as iron and steel constantly presents to our 
minds that nature destroys as well as she creates power 
unlimitable. One instance of this corrosion the writer 
would quote: that of an iron pier on the east coast here, 
just finished, where already the destructive action of salt 
water and sea air has trade-marked the cast-iron piles 
and tie-rods to an alarming extent, considering the new- 
ness of the structure. Had these piles and details been 
surrounded with a concrete envelope neatly molded 
around same, say 2 ft above high-water mark, this contin- 
ual corrosion might be stayed, or at least warded off for a 
time, thus preserving the structure. I am unaware, how- 
ever, whether such protection would stand the concussive 
action of wave force. Yours truly, J. A. 8. 

Cambridge, England, July 10, 1902. 


Sir: Engineering News of June 26 contains letters to the 
Editor in regard to Westminster Bridge, London, Eng- 
land. Mr. Luten’s authorities and also Appleton'’s Cyclo- 
pedia speak of the bridge as still standing, while the 
London writer does not seem to be aware that there ever 
was such a bridge. Samuel Smiles in ‘‘Lives of the Engi- 
neers,’’ Vol. IL, ‘Smeaton and Rennie,”’ p. 69, gives a 
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Diagram Illustrating Discussion on Loss of Head in 
2%4-in. Fire Hose. 


shcrt history of the bridge which may be of interest to 
your readers. He does not give the number or dimensions 
of the arches. 


The second bridge across the Thames was built in 1738- 
“), nearly opposite the palace of Westminster. During 
the many centuries that had elapsed since old London 
Bridge had been erected, the science of bridge building 
had made but little progress in England. The principal 
structures were of wood. Few were built of stone, and 
these of a comparatively rude kind. During the period 
referred to, however, the science of construction had made 
great progress in France, and from the practice of French 
engineers our best models continued for some time longer 
to be drawn. Hence when the sanction of Parliament was 
at length obtained for a second bridge across the Thames, 
Labelye, the French engineer, a native of Switzerland, 
was employed to design and execute the work. 

It will have been observed that the chief difficulty with 
the early bridge builders was in securing proper founda- 
tions for their piers. A common practice was to sink 
baskets full of stone in the bed of the river, and on these, 
when raised above water, the foundations were laid. But 
where the bottom was composed of loose, shifting ma- 
terial, such as sand, it will be obvious that a firm basis 
could scarcely be secured by such a method. The plan 
adopted by Labelye, though considered an improvement at 
the time, was even infecior to the method employed by 
Peter of Colchurch in founding the piers of old London 
Bridge in the thirteenth century. For, clumsy though the 
latter structure was, it stood more than 600 years, whilst 
Westminster Bridge had not been erected a century be- 
fore it exhibited signs of giving way, and it is already 
destroyed. 

Labelye’s method of founding his piers was as follows: 
He had a sufficient number of large caissons or water- 
tight chests, prepared on shore, of such form as to fit 
close alongside of each other. They were then floated on 
rafts over the spots destined for the piers, where they were 
permanently sunk. The top of each caisson, when sunk, 
being above high-water mark, the masonry was com- 
menced within it and carried up to a level with the 
stream, when the timber sides were removed and the pier 
was left resting firmly on the bottom grating. The foun- 
dations were then protected by sheet piling, that is, by a 
row of timbers driven firmly side by side into the earth 
all round the piers. 

Westminster Bridge was originally intended for a wooden 
bridge, but the design was subsequently altered to one 


of stone, Labelye considering it necessary to have 4 
weight of masonry in order to keep his caisso; 
proper level. To add to this weight, the enginee, 
a lofty parapet. Not many years after Westminster 
had been opened, the London Common Councij 
to facilitate the passage of traffic across the Tha: 
near to the center of the city as possible, applied : 
liament for powers to construct a bridge at Black 
and the requisite act having been passed, the work 
commenced in 1760 and finished in 1769. The a; 
and engineer of Blackfriars Bridge was Robert Myl: ‘ 
a noble piece of masonry it was. The principal new 
ure in this structure was the elliptical arch, wh 
Mylne was the first to introduce into England 
When the numerous heavy piers of old London Br 
which acted as a dam across the river—had been re; 
the low-water mark above the bridge fell 35 ft. 
velocity of the unimpeded tide, sweeping up and dow 
Thames twice in every 24 hours, and the conseq 
increased scour along the bed of the river, soon bx - 
grind away the foundations both of Blackfriars and \V 
minst@r bridges; and they exhibited the unsightly 
pearance of numerous props and centerings to preve; 
further subsidence of their foundations. Hence L 
bridge at Westminster, and Mylne’s at Blackfriars 
since been pulled down to make room for newer br 
Yours truly, G. E. 
New London, Conn., July 1, 1902. 


(In view of the apparent lack of definite jn; 
mation respectingthis famous structure, some : 
therdescription of its history and construction m 
be of interest. In London “Engineering” of Ma, 
8, 1895, there was published a description of 
Westminster Bridge which formed one of a sey 
of very interesting articles which appeared in th 
journal under the general title of “Than 
Bridges.” These articles were evidently based 
a very considerable amount of original resea; 
and the facts given are probably reasonably a 
thoritative. We quote as follows: 


The predecessor of the late Mr. Thos. Page's hands: 
bridge at Westminster was completed in 1750, and 1 
placed a landing stage and ferry. . . . The _ hist: 
of old Westminster Bridge, no less than its engineer 
features, is very full of interest. The Act of Parliany 
sanctioning its construction was passed in 1736, and w 
supplemented by a second Act in 1738, determining 
site. The original proposal was for a wooden structu 
with stone piers, and a design for this was submitted « 
approved; it was, however, set aside in favor of a st: 
bridge by Charles Labelye, a naturalized Swiss and 
engineer of considerable repute in his generation H 
design was finally approved in 1738, the same year t! 
the site was fixed upon... It consisted of 15 sem 
circular arches, the central one being 76 ft. span, whi 
the others on each side decreased by successive amou 
of 4 ft. to the end or land arches, which were only 25 f: 
span. The total length of the bridge was 1,220 ft.. a: 
the waterway S70 ft. The piers were all 70 ft. in lengt 
from point to point of the cutwater, and the width of th 
two at the middle of the bridge was 17 ft., the others d 
creased successively in width by 1 ft., so that the lac: 
pair on each side were 12 ft. wide; the springing 
the arches was 2 ft. above low-water level, and 
the width of the piers at the foundations was 4 ft. great: 
than at the top. Old Westminster Bridge was 4} 
ft. wide up to the roadway level, and the parapet wal! 
were built on a projecting cornice; the roadway was °\\) 
ft. in width, and over each pier shelter recesses wer 
provided. . . It was opened on November 10, 1750 

ae remained in good condition until 1810, when ex 
tensive repairs were found necessary; between that yea: 
and 18838 no less than £83,097 were spent on maintenance 
and during the next five years nearly as much more. Th 
chief cause of decay was the failure of the foundation 

The new bridge was designed by Thos. Page, who pr 
pared designs for three and five arches. The final design 
for seven arches, was prepared in collaboration with Si: 
Charles Barry, so far as the architectural features wer 
concerned. 

The bridge is composed of seven main arches and two 
small arches on the Surrey shore; the spans decrease from 
120 ft. in the center to 94 ft. 9 ins. The piers are of 
granite, ... the abutments, as well as the smal! 
arches on the Surrey side, are of brick faced with ston: 
taken from the old bridge and reworked. The superstru: 
ture consists of a combination of cast and wrought-iron 
ribs, the former serving practically as brackets extending 
from the piers to support the wrought-iron girders that 
complete the arches of each span. The roadway i< 
carried on these ribs, which are placed 5 ft. apart unde: 
the road, and 7 ft. apart under the sidewalks; the central! 
or wrought-iron portion of the ribs is in the larger spans 
$2 ft. long and of 28 ins. minimum depth, in the land 
spans 42 ft. 3 ins. long and 22 ins. minimum depth 
There are 15 ribs carrying the platform across each 
span. . . . The roadway is about 52 ft. wide and th: 
sidewalks are each 15 ft. in width. 


In the same issue of “Engineering” there is 
shown a large plate-halftone of the present West- 
minster Bridge, and a sketch cut of the old bridge 
It may be noted further that the article gives th 
following references on the two Westminste: 
bridges For the old bridge, cf. Walmisley’s 
“Thames Bridges” and Cressy’s “Encyclopedia 0! 
Civil Engineering”; for the new bridge, see Hum- 
ber’s “Book on Bridges’’ (1861). It seems, then 
that the note of Mr. Luten is practically correct 
but that the reference is to the old bridge, which 
has not existed for the last fifty years. On th: 
other hand, our London correspondent J. W. S. is 
correct, but speaks of the new, or present, brid: 
It may be remarked as interesting that J. W. § 
quotes the very article from which we abstracte/ 
the preceding, in support of his criticism of Mr 
Luten, while that same article is most explicit in 
its remarks on the old bridge.—Ed,) 
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4” ESTIGATION OF ELECTRIC OPERATION OF 
-pFIC ON THE MOTT HAVEN DIVISION, NEW 
‘K CENTRAL & HUDSON RIVER R. R.* 
By Bion J. Arnold,+ 


<t. 1901, the writer was commissioned by the 
Central & Hudson River R. R. to study the 
governing the operation of its t ains between 
en Junction and Grand Central Station, and to 
the feasibility of operating them by electric- 
division consists of 5.3 miles of four-track 
‘ing the trunk line or main artery over which 
from two divisions of the New York Central and 
main line of the New York, New Haven & 
i Rk. R., enter the City of New York. For 2.58 
m Mott Haven Junction the tracks are carried on 
ted stone and steel structure; then for 2.144 miles 
a tunnel underneath the street, emerging into an 
us of a mile long, then terminating at the 
entral Station in an intricate sub-end yard, having 
eht miles of switching tracks. Over this division 
oo) train movements per day are made, because 
all trains entering the yard or station must be 
i to Mott Haven Junction, owing to lack of suffi- 
‘orage tracks at the Grand Central terminus. 
annoyance to passengers due to the use of steam 
tives in the tunnel caused the company to examine 
e advisability of adopting electricity, and it- is 
<h the courtesy of Mr. W. J. Wilgus, Chief Engineer 
ompany under whose directions the investigation 


This car contains apparatus which measures and records 
various data relating to the speed of the car and the pull 


or the pressure on its drawbar, as will be seen from the 
sample diagrams reproduced herewith It was coupled be 
tween the engine and the train in each case, and operated 
en trains running over the different divisions of the read 


so that not less than four runs, two or more in each dire« 
tion, were made for each class of train 

Since the trains of all divisions, including those of the 
New York, New Haven & Hartford R. R.. run over the 
New York Central tracks between Mott Haven Junction 
and the Grand Central Station, the records of the New 
York Central trains for this section of line will apply to 
trains of equal weight on the New York, New Haven & 
Hartford road, and were so considered in the calculations 

In the accompanying drawings, Figs. 1, 2 and 3, are 
reproduced representative records obtained by means of 
this car. <A large number of such records were obtained 
for trains varying in weight from very light suburban 
trains to heavy through express trains Each 1ecord 
shows the following separate data: 

(1) The drawbar pull of the train at any instant, as 
recorded by the pen of the dynamometer. The horizontal 
scale, which is the same for all lines on the diagram, rep- 
resents distance, the motion of the record paper being 
obtained by gearing from the car-axle. The vertical 
ordinates represent drawbar pull in pounds, to a known 
scale (noted for our reductions* on the re ords repro 
duced.— Ed.) 

(2) The speed of the train, by a Boyer speed recorder; 
the vertical scale for speeds is noted on the diagrams 


corve 


express car, five coaches and one Pullman chair car, total 
weight, 2{4).7 tons or with passengers [311.5 tons. Hauled 
by N. Y. C. engine No. 9386, with 00.000 Ibs. on drivers 
total weight of ioaded engine and tender, 22S...) Ibs 


Fig 3.—A very heavy through express train on the Hud 


son Division, running between Chicago and New York 


test car running backward Train consisted of three bag 
kage cars, two express cars, two mail cars, three coaches 
and three Pullman sleepers, with a total weight of 4345 
tons, or with live load 454.2 tons Hauled by N, Y. € 
envine No. 2.015, with 154,300 Ibs. on drivers: total weight 


of loaded engine and tender, 287,004) [bs 


The letter B on the records indicates the time when 


brakes were applied, and the letter R when they were re 


leased The letter S denotes the time when the engine 
was under steam; this symbol is shown at only one or two 
points, to aid in understanding the records The letter 


P shows when the dynamometer was pumped full of oil 


(leakage past the piston and stuffing boxes he ing brough 


the piston near its limit of travel); the rove: vess of the 
drawbar pull curve is due to the impulses of the oil pump 

The severe oscillation of the dynamometer pen on some 
of the records exhibits the irregular turning moment of 


the engine which is caused partly by unequal distribution 
of the steam in the cylinders, due to the lack of proper 
adjustment of the valve motion, and partly to the ir. egular 
turning moment of any two-cylinder engine of this type 

It appears from the records that the braking effort per 
ton is not as high on certain types of locomotives as it i 
on coaches This is due to the fact that not all the 
wheels of the locomotive are always braked, and those 
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FIG. 1 DYNAMOMETER-CAR RECORD FOR A LIGHT SUBURBAN TRAIN BETWEEN GRAND CENTRAL STATION AND MOTT HAVEN JUNC- 


Trach Profile 


FIG. 2. DYNAMOMETER-CAR RECORD FOR A THROUGH LOCAL EXPRESS TRAIN BETWEEN GRAND CENTRAL STATION AND MOTT HAVEN 
JUNCTION, NEW YORK CENTRAL & HUDSON RIVER R. R. 


Horizontal Scale, Distance: 1 mile to 1.59 inch. Vertical Scale, Speed: 0.225 inch equals 60 miles per hour. Vertical Scale, Drawbar Pull: 1 inch equals 89.200 Ibs 


FIG. 3. DYNAMOMETER-CAR RECORD FOR A VERY HEAVY THROUGH EXPRESS TRAIN BETWEEN MOTT HAVEN JUNCTION AND GRAND 
CENTRAL STATION, NEW YORK CENTRAL & HUDSON RIVER R. R. 


Horizontal Scale, Distance: 1 mile to 1.403 inch. Vertical Scale, Speed: 0.19) inch equals (0) miles per hour. Vertical Scale, Drawbar Pull: 1 inch equals 78,10 Ibs 


was made, that the writer is allowed to make public the 
technical substance of this report. 

All money values relating to total cost of instal at on 
real estate, etc., any many other elements upon which the 
final recommendations of the report were based, together 
with many of the general recommendations and conclu- 
sions themselves, are necessarily omitted from this paper, 
but it is believed that the data given are sufficiently com- 
plete to enable one to check the technical conclusions 
herein given. 

Soon after taking up the work it became evident, on ac- 
count of the number and weights of the trains to be 
handled and the numerous variable elements entering into 
the operating system, which would not adapt themselves 
conveniently to formulas, that the most practical and sat- 
isfactory way of ascertaining the power required to pro- 
pel the trains was to measure, by means of a dynamometer 
car, the drawbar pull of a sufficient number of trains of 
various weights, to determine the average power required 
per train and from this to compute the general load dia- 
gram. 

A dynamometer car, owned jointly by the Illinois Cen- 
tral Xy. Co. and the University of Illinois, was secured, 
and men thoroughly skilled in its use were employed 
to operate it.t 


*A paper presented at the annual convention of the 
American Institute of Electrical Engineers, held at Great 
Barrington, Mass., June 19-21, 1902. 

‘Consulting Electrical Engineer, Marquette Bidg., Chi- 
cago, 

tFor a full description of this car and the apparatus it 
ontains, see Engineering News of Aug. 2, 1900; further 
notes on the car with some results obtained by it are given 
n Engineering News of July 11, 1901. 


(3) The profile and the alinement of the track, drawn on 
the record from data supplied by the engineering depart- 
ment of the road. 

(4) A check time-record, given by a clock marking every 
5 seconds. 

(5) A position record, consisting of marks produced by 
a pen when an electric button is pressed, and used to 
record stations and mileposts passed, etc. 

It should be noted that the records do not inglude the 
power required to propel the locomotive nor the head-end 
resistance offered to it by the air, and that when the 
dynamometer car was running backward, the power to 
propel it is not represented in the record and its weight 
should not be taken into consideration as a part of the 
train. These faciors were taken into account when de- 
termining the final load diagram. 

The records here reproduced represent the following: 
Fig. 1.—A light suburban train on the Harlem Division 
running between Grand Central Station and Lake Maho- 
pac; test car running forward. The train consisted of 
the test car, weighing 44,650 lIbs., two coaches and one 
combination car, weighing together 211,200 Ibs.; live load 
about 9.4 tons; total weight of train behind engine, 137.3 
tons. Hauled by N. Y. C. efgine No. 987, with 65,500 Ibs 
weight on drivers; total weight loaded, engine and tender, 
169,200 Ibs. Fig. 2.—A through local express train on 
the Hudson Division, between New York and Schenectady; 
test car running backward. The train consisted of one 


*It may be noted that the original records are about 
ten times the size of our reproductions The original 
seales were: Horizontal, 13.2 ins. to 1 mile; vertical, 
1-32-in. equals 1 mile per hour, and 7,428 Ibs. drawbar 
pull equals 1 in. 


that are braked cannot be set to the skidding point with a 
fully loaded tender, for if they were they would thea 
skid with a lightly loaded tender Hence the drawbar 
pull during retardation is often as great, or even greater 
than it is during acceleration 
noted in the sample records reproduced. 

The questions of changes in the Grand Central terminal 
or in the present method of train operation, or of handling 
the suburban trains on the division outside of Mott Haven 
Junction are not considered in this paper The problem 
submitted was to duplicate the present passenger train 
service between Mott Haven Junction and Grand Central 
Station by using electric power instead of steam locomo- 
tives. In other words, an electric system had to be pro- 
vided capable of supplying at any instant the aggregate 
amount of power required for the operation of the division 
The dynamometer records just referred to were used in 
cetermining this power The separate intermediate steps 
in this were: (1) To determine from speed and drawbar 
pull the horse-power required to pull the various tra’ns 
at their schedule speeds, and, (2) to obtain the aggregate 
power reauired on the division at any moment by sum 
ming the items of power for the diferent trains then 
running on the division. When thus the amount of power 
required was known for every instant of the day, the 
daily average of power could be found, and all furthe: 
calculations entered upon as to the plant necessary, cosy 
of operation, etc. 

In calcvlating the power required to operate any one 
train, allowance was made for the increased train weight 
due to motor equipment (since the dynamometer record 
were in each case taken behind the locomotive and there 
fore did not include the drawbar pull required for the 


Instances of this may be 
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“4 
itt (wing to the fact that the maximum speeds on 
th livision seldom exceed 2 miles per hour and that the 
tra were never le than three cars in length—often 
reaching eleven cars in length—no correction was made 
or head-end air resistance 
The successive steps in these calculations of power were 
“ 


(‘) In order to determine the average drawbar pull for 
any given period, the entire area under the dynamometer 
pen record was found by a planimeter and divided by the 
length of base of the interval from start to stop, the result 
being the average drawbar pull 

(2) From passenger records taken during dynamometer 
tests, the curve shown in Fig. 4 was plotted, showing the 
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Fig. 4. Curves Showing Ratio of Live Load (pas- 
sengers, baggage, express etc.), to Dead Weight 
of Train, in per cent.; for Trains Operating over 
Mott Haven Division, New York Central & Hud- 
son River R. R. 


ratio of the weight of the live load to the light weight or 


the trait 


(3) Dividing the average pull in pounds by the total 
weight of the train, the average drawbar pull in pounds 
per ton, over the run under consideration, was obtained 
The averegze drawbar pull thus obtained for each run is 


hown in Table I, (not reproduced.—Ed.). The means of 
the value et forth in Table I. are shown in Table II. 
The-average drawbar pull (not tractive effort) in pounds 
per ton, for various lengths of run over the Mott Haven 
Division are shown in Curve'l, of Fig. 5. Curves 2 and 
3 show these values for longer runs, as obtained on the 
Harlem and Hudson divisions respectively, and Curve 4, 
which is the mean of Curves 1, 2 and 3, shows very 
roughly what may be expected to obtain as the average 
value of the drawbar pull under ordinary steam railroad 
condition on a level and comparatively straight track 
with various weights and length of train (three to ten 
cars, lot to 40 tons), and at an average speed of about 
‘W) miles per hour The question of grade is here elim!- 
nated tor each point shown represents the average value 
of two runs on the same train, one north, the other south 
rhe number « 


f variables entering into these values such, 
for example, as the degree of skill of the engineer, the 
wind velocity, the condition of the track, agreement with 
chedule time, ete make it impossible for any curve to 
pass through all its points and therefore, as above stated 
these curves can only be taken as indicating the average 
value of a widely varying quantity 

(4) By means of a simple graphical diagram, the aver- 
age speed between any two stations was found from the 
known time of run between these stations 

i>) The weight of every train arriving or leaving the 
Grand Central Station on a given day was obtained, and 
its average speed between stops determined from the above 
diegram. Knowing, therefore, the average drawbar pull in 
pounds required to haul a train, and the average speed at 
which this drawbar pull was exerted, the hor:e-power at 
the drawbar becomes 


foot-pounds per minute 


HP 
33,000 
drawbar pull x miles per hour x 5,280 
HP 
83.000 GO 
drawbar pull x miles per hour 
HP - - —— —— 


A graphical diagram was used for this calculation, and 
the same diagram permitted the horse-power to be trans- 
formed into kilowatts and this value further increased to 
allow for an assumed efficiency in the motors of 70%. 


} 


These calculations were made for a full day of 24 hours, 


Oct. 24, 1001, and were summarized in Table III. (not re- 
produced here.—Ed.) This table showed for each train, 
for each separate run between stops, the average horse- 
power required during that run The table was used in 
drawing up the total power required on the Mott Haven 
Division at any moment during the day The method 


TABLE II.—Showing Average Drawbar Pull in Pounds per 
Ton and Horse-power Required to Propel Electric Lo- 
comotives for Different Runs. 

Going out. Coming in 
Terminal! stations ‘ . 


of run. Drawbar Loco- Draw bar Loco- 
pull, motive pull, motive 
Bet.G.C.Station and per ton HP perton HP 
St Ibs. 75 HP 1280 lbs. 71 HP 
Mott H. Junct’n.14.80 “ 
Bet. 110th St. and 
Mott H. Junct’n .... “ 13.10 * 
Bet. 125th St. and 
Mott H. Junct’n.16.00 17.00 
Bet. 138th St. and 
Mott H. Junct’n.25.00 14.80 * 


Note.—Figures given under ‘Locomotive HP."’ repre- 
sent the average horse-power required to propel a €5-ton 
electric locomotive over that run, plus 1 HP. for pumps. 


used in preparing the diagram was a graphical one, and is 
illustrated in Fig. 6. Here horizontal distances indicate 
time, in the portion shown in the figure the half-hour 
from 6 a. m. to 6:30 a. m., Oct. 23, 1901. At the bottom 
of the diagram is seen a set of horizontal lines marked 
with the names of the stations; these lines are spaced to 
represent in vertical interval the distances between the 
stations. The oblique lines running between these repre- 
sent the course of trains, in time and distance. Now, 
from Table III. is taken the average horse-power require i 
by any one train in its run between stops. Thus, the 
third train shown in Fig. 6 to start from Grand Central 
Station after 6 a. m., a New York, New Haven & Hart- 
ford train, does not stop before Mott Haven Junction, 
and is shown by Table III. to require an average of 155 
HP. on this run. This amount is laid off vertically to 
seale, from a baseline of zero horse-power, as will be seen 
by dotted line in the figure. 

The same procedure is carried through for each train, 
giving a mass of superimposed power-time diagrams, as 
is seen in the portion of the diagram shown in Fig. 6. 
These areas are now added for the intervals of time which 
they cover, and the total horse-power reduced at the same 
time to kilowatts. In this way is obtained the heavy 
irregular line which will be seen near the top of Fig. 6 
marked “‘Curve 1.’" This curve is shown for a period of 
six hours, from 6 a. m. to 12 m. of Oct. 23, 1901, in Fig. 7. 
It illustrates the variations in the demand for power on 
the whole Mott Haven Division, by the operation of regu- 
lar hne trains. 

This diagram was drawn for the full 24 hours of the 
day referred to. The area under Curve 1 was averaged 
for the day, and assuming the demand for power equalized 
throughout that period, Curve 4, Fig. 7, was obtained. 
(This curve, as well as Curve 1, also contains the power 
required to propel the electric locomotive to be used 


X Curve No./.6.C.Station to 
Mott Haven Ib. Rail. 
40 ~ © Curve No.2. Harlern Div. 
80 Ib. Fai! 
o @ Curve No.3. Hudson Div. 
Pas A 100 Ib. Rail. 
> 
& Curve No.4.= Mean of 
Nos. 1,2&3. 


shown in Curves 3 and 4, Fig. 8, where Cu; 
hourly averages of power required for lin: 
mean values of Curves 3 and 4, Fig. 8, appea 
as Curves 5 and 6 Fig. 7. 

The sum of Curves 4, 5 and 6, in Fig 
Curve 7, Fig. 7, which therefore represen; 
daily kilowatt input required at contact s} 
tives for all service. Similarly, Curve 1 
sum of Curves 2, 3 and 4 in the same figur: 
densed load diagram of the entire servic« 
hourly variations. 

From Curve 7, Fig. 7, it is seen that the q 
input required would be at the rate of 1.\« 
therefore, the total annual input required a: 
shoes of the locomotives, for propulsion alon: 
15,768,000-K-W. hours. From the total num} 
nauled yearly over this division, including pas. 
trains and switching service, the ton-miles pe: 
found to be 250,285,710. Hence, the electrica| 
quired to haul a ton-1 mile over this divisio: 
existing conditions would be 63 watt-hours pe: 

With this figure as a basis and the load facto 
mined from the load diagram, the problem of «: 
the best method of producing, distributing and 
the power was considered. 

CHOICE OF SYSTEM. 

While it is the writer's opinion that the altery 
rent railway motor will yet prove to be the mos: 
all things considered, for long distance railway 
has not yet in his opinion demonstrated its 
start ander load as efficiently or to accelerate a 
rapidly as the direct-current motor. The line u 
mediate consideration was short, the trains num: 
rapid acceleration desirable, all of which are « 
favorable to the direct-current motor. 

Furthermore, direct-current motors with their ; 
auxiliaries have become fairly well standardized 
is the only class of electric railway apparatu. a, 
from the manufacturers of the United States wit} 
volving experimental work and large development « 

In view of these facts and the probable nec« 
rapid construction, the writer refrained from 
anything of an experimental nature and, theref: 
ommended the direct-current system in combinat 
the third-rail for the main line, and overhead con 
for the yards, all of which have demonstrated fu}! 
ability to meet the conditions imposed by railway 
tion so far as motive power is concerned, althoug! 
has not yet been an electric installation on any « 
terminal that is as complex, or into which anywhr; 
the number of heavy trains enter as on this sect 
road. 

Had the length of road under consideration bee: 
siderably greater, and had it been thought possible 
cure sufficient time to conduct experiments or invit: 
onstrations by manufacturers of alternating current 
equipment, this class of apparatus would have bee: 
seriously considered. 

DISCUSSIONS AND ANALYSIS OF PLANS AND 
MATES. 

In the preparation of estimates, 12 distinct plans o! 
eration and distribution were considered and the 
tabulated as shown in Table IV. All the estimat: 
computed upon the same basis so far as cost of fue! 
and losses in transmission were concerned. The difi: 
headings in the table here shown are deduced from a) 
table not here published, which summarized the y 
total costs, operating expenses, etc., for each diff: 
plan. 

While the results in the last column of Table |V 
dicate that Plan No. 1 was the most advisable 
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FIG. 5. CURVES SHOWING AVERAGE VALUES 
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OF DRAWBAR PULL IN POUNDS PER TON FOR 


DIFFERENT LENGTHS OF RUN BETWEEN STOPS. 


For Trains from 100 to 400 Tons, at an average 


speed of about 30 miles per hour, on straight, leve 


track, Under Average Steam-Railroad Conditions. 


From a careful examination of the weights of all locomo- 
tives in service on this division, it was found that properly 
powered electric locomotives having a total weight of 
65 tons each, all of which would be available for tractive 
effort, could satisfactorily perform the service of existing 
steam locomotives. To each separate train-power curve, 
therefore, as plotted in Fig. 7, is added the power required 
to propel a 65-ton locomotive.) é 
These curves show power required for regular trains, or 
line service, only, and to get total power it is necessary 
to add that required for switching and shop-train service 
The latter were found to represent hourly demands as 


adopt, it was not seriously considered for the reason 

it necessitated locating the power station in a part of 
city where its erection would probably have been pro’ 
ited by the city authorities, but it was here introdu 
for comparison as indicative of the economy to be £4 
by placing the power station at the theoretical cente 
distribution. The same objections apply to Plans 2 
3. Plans 4 and 5 bring out quite clearly the differ 
in the cost 6f operation between two substations and 

both plans permitting the location of the power statio! 
the river front. The difference in favor of Plan 5 i 

tirely due to the saving in labor of one substation. 
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Table of Estimates on Plans for Proposed Electrical Equipment of the N.Y.C. & H.R R_R., Petweea been deemed best by the writer to maintain a conservative 
Grand Central Station and Mott Haven Junction. view throughout the entire investigatior 
Total cost It is, however, safe to conclude that the-saving in opera 
per K-W.- tion expenses by the electric system would be sufficient to 


Character of stations, ete., in the 
different plans. 


eurrent power station at center of line and 
tiguous to tracks. 600-volt working con- | 


as No. 1, with batteries in power house...... 
. as No. 1, with battery substation near Grand} 
tral Station and Mott Haven Junction...... \ 


ating current power station on river front 
ear center of line, with rotary converter sub- | 
ration near each end of line. 11,000-volt A. C. f£ 
bined D. C. and A. C. power station at Harlem 
tiver near one end of line and one rotary «o:f- 
erter substation near the other end of line. 11,- 
A. C., 600-volt D. C., no batteries..... 
t-current feeders from Manhattan Ry. sub- 
tation located near center of line. Transmission 
om substation to working conductor.  tr\- volt 
ury converter substation at center of line. A. C. 
pergy to be purchased from Manhattan sub- | 
tation and transmitted at 11.000 volts. Erergy } 
to cost %-ct. less per K-W. hour than D. C. | 
, rotary converter substations, one near each end 
of line. . C, current to be purchased frem } 
Manhattan substation near center of line ....... 
mbined A, C. and D. C, power station near Har- 
iem River at end of line. One substation near | 
other end, and batteries carried on locomotives 
charged from working conductor ............... 
e rotary converter substation near center of line, 
A. C. current purchased from Manhattan substa- | 
tion No. 7, batteries on locomotives charged from 
‘jirect current feeders from Manhattan substation 


11 No. 7, near center of line. Batteries on locomo- } 
tives charged from working conductors......... } 


Combined A, C. and D. C. power station at Harlem | 
River near outer end of line. One substation | 


12 near other end. Batteries in power station and } 
substation. A. C. transmission 11,000 volts, D. 
Plans 6, 7 and 8 were studied with the object of ascer- 
taining whether the purchase, instead of the generating of 


power, would offer a satisfactory solution of the problem. 
The purchase of both D. C. and A. C. energy was con- 
sidered on the lowest basis that it was thought possible 
for any existing company to furnish it, and it was found 
that the D. C. energy would cost the railroad company 

.-ct, more per K-W.-hour than the A. C. energy, in con- 
sequence of the interest, depreciation, maintenance, etc., 
of the transmission lines, rotary converters and other 
substation apparatus which would have to be furnished by 
the energy producing company. The prohibitive annual 
cost of these purchasing plans is at once observed by ref- 
erence to the second and last columns of figures, the plans 
only meriting consideration as representing a temporary 
arrangement that might be effected in order to allow 
rapid installation. 

Owing to the more or less complex system of overhead 
or third-rail yard construction made necessary by the na-- 
ture of the case, and the advantages to be obtained by 
their elimination in the substitution of ‘ocomotives which 
could, for switching service, be self-contained, though 
normally supplied with energy from the working conduc- 
tors, a study was made of electric locomotives carrying 
The results of these studies made under dif- 
ferent assumptions are shown under Plans 9, 10 and 11. 
From the third and last columns of figures it is evident 
that whatever may be gained by the elimination of the 
overhead construction is largely offset by the additional 
cost of operation, although it will be observed that the 
ost per locomotive-mile of Plan compares favorably 
with the cost of Plan 12. 

Plan 12 differed only from Plan 5 in a slight reduction 
in the capacity of the converting apparatus in the power- 
house and substations, and the substitution therefor of 
two storage batteries (one located in or near the power- 
house and one in the substation) each of such capacity 
that it, together with only a portion of the main station 
and substation machinery, would be capable of taking over 
the entire load of the line for a short period of time in 
cases of emergency. The additional first cost and the 
light inerease in annual expense (as compared with Plan 
») represented by a reserve station capacity of this nature 
was thought to be of secondary importance only, in view 
of the increased reliability of operation thereby obtained 
The increased cost of operation in this plan over that of 
Plan 5 is due to the fact that the battery maintenance was 
figured at 10% per annum, which is considerably higher 
is ordinarily assumed, and will probably be consid- 
ered excessive by some. A battery of this kind would nox 
erve as a reserve but would prove of considerable 
ya ue as a regulator of potential along the line, and in 
ac’ lon it would, notwithstanding its inherent losses, tend 
luce the power house operating costs by taking up the 
‘ive load fluctuations of the system and permitting 
ad upon the engines to be maintained at or near 
most efficient working capacity. 


batteries 


hr.delivered Total 


Operatingexpenses tomotor operating 
per K-W.-hr. terminals, expense Fixed charge 
--A.-—- exclusive perloco- charges (operat’g 
At of fixed and motive per + fixed) 
power- operating mile ex- electric per 
house At chargeson clusive loco- electric 
switeh- contact electric lo- fixed motive- locomo 
board. shoe. comotives. charges mile. tive-miie 
ets ets. cts. ets cts cts 
O00 1.06 14.42 58 20.60 
472 66 14.05 | 21 
475 120 47 7.25 4 
re re 1.287 TS 22.78 
70 606 1.19 14.7 7.18 21.88 
2.5 2.050 2.748 2.89 87.58 
23 2.336 2.508 4.23 ob. 
2.1 2.3386 2.04 3.03 43 
4.122 16.58 7.76 2404 
2.12 2.4 2.502 10s BS 48 
2.5 2.738 2.442 37.81 2.51 
1.335 15.80 7.83 23.63 


It was considered of the utmost importance 1n an instal- 
lation of this magnitude that the number of interruptions 
of power supply be reduced to a minimum, that no device 
which could increase the safety and reliability of the plant 
should be omitted, and that the probability of future ex- 
tensions of the electrical system should be considered 
As best fulfilling the above conditions, therefore, Plan 12 
was the one specifically recommended for aloption. 

OPERATING EXPENSES. 

A careful compilation of all the expenses entering into 
the operation of the present steam service was made and 
the following comparative table (Table V.) of relative costs 
is believed to be correct, assuming that the present loco- 
motives running between Mott Haven Junction and Grand 
Central Station should be abandoned and the service now 
performed by them duplicated by electric locomotives 
operated in accordance with Plan 12. It is assumed that 
the electric locomotives will be operated by the same class 
of men as those who now operate the steam locomotives 
and that they would receive the same rate of pay that 
they now receive. 

This condition is not favorable to electric traction as it i- 
not ordinarily necessary to have the two men to operate 
an electric motor, but in the writer's judgment, it is not 
advisable to operate a service of this class under such 
exacting conditions without two men on each locomotive 

If the motor-car system should be adopted, as it probably 
would be were the electrical equipment extended beyond 
Mott Haven Junction, or if the forward guard or brakeman 
were allowed to take the place of the second man while 
passing through the tunnel and yards, a saving equivalent 
to his wages could thereby be effected. With two men of 
the same skill as at present employed on the locomotives 
the figures are as follows: 


TABLE V. 
Elec- 
tric- 
: Steam. ity. 
Operating expenses per locomotive-mile ex- 
clusive of fixed charges, but including 
water, labor, cost of cleaning and repairing 
tunnel, and all other expenses of locomo- 

fixed charges per locomotive-mile assuming 

that it now requires 4 locomotives to per- 

forin the present serviceand that 33 electric 

locomotives could perform the same ser- 

From these figures it appears that while there would be 
slight annual saving in operating expenses in favor of 
electricity, it is not sufficient to warrant its adoption on 
the grounds of economy in operation alone, although its 
adoption can be justified on other grounds. 

These figures could be made more favorable ‘o e’ectri-ity 
were an optimistic view of many of its advantages taken, 
and the probability is that practical operation will show 
a somewhat greater gain than here indicated, but it has 


offset the increased fixed charges due to the additional in 
vestment made necessary by its adoption 


DEATH AND INJURY FROM ELECTRIC SHOCKS. 

At the meeting of the Institution of Electrical 
Engineers (England) on Feb. 27, the general sub- 
jeet for discussion was “Electric Shocks.” On: 
of the papers dealing with this subject presented 
much information on fatal and nearly-fatal cases 
of electric shock, and on some physiological phe- 
nomena attending the shocks The information 
Was apparently carefully gathered and refers to 
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Fig. 6. Graphical Method of Obtaining Load Curve. 


actual cases occurring in commercial electric 
working. Another paper considers more particu- 
larly shocks from 500-volt direct-current circuits, 
and brings out the, in general, harmless characte 
of such circuits. So little information is available 
on these matters that we abstract from the Lon- 
don “Electrician” the two papers referred to: 

ELECTRIC SHOCKS. 

By F. P. Aspinall. 

I have been deeply interested in this subject for some 
years and have collected, from my own experience and 
that of friends, particulars of as many cases as possible 
I have aleo, whenever I could, made it a rule to see the 
man who received the shock, and also any witnesses. All 


4 
\ 
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cases, therefore, which I have chosen as of sufficient im- however, to state that his hands were exceptionally callous, but became insensible when this was done, a; 
portance to mention in this paper are, to the best of my due to the fact that he had been working as a gas stoker, ed for 40 minutes by artificial respiratio; 
belief, thoroughly accurate and reliable In obtaining and also that his hands were severely burnt. Personally, showed any signs of life. One would have . 
this information | have been much struck by the fact that hewever, I think the man received quite enough to kili man to be killed, but it is only fair to say 
t ls most diffieult to obtain a really accurate description him, and his being drunk had something to do with his badly burnt on the elbow and the foot. *‘‘J 
frota the vietim or witnesses of what actually does occur, not being killed. Next, are persons less liable to be killed ing an are lamp. He had his left foot earth. 
ind this can hardly be expected when one considers the when they are asleep? Some years ago I was carrying out his left hand touched the carbons. I am un 
circumstances; still, as I only mention what they are a contract which necessitated all the work being done at the number of volts that he received, as | 
ibsolutely certain about, these cases can be taken as fairly night. One of the men employed was always going to certain where the current earthed; but he 
typical sleep, so the other men, as a practical joke, gave him a There was only a slight discoloration notic« 
(1) IS EVERYONE EQUALLY SUSCEPTIBLE TO shock whilst he was in this condition from a magneto was not burnt. I will discuss the question 
ELECTRIC SHOCKS?—I believe I am stating the opinion machine capable of ringing through 30,000 ohms, but al- later on, but I think it is a fair conclusion + 
of the medical profession when I say that there is no | ide is more vulnerable, and I believe the rea 
reliable proof whether everyone is equally susceptible or 3250 : ir Be 7 tte valves of the heart on this side are more 
not. My opinion is that not only are different people dif- 4.) — | | aged. To my mind these cases prove conclusiy: 
ferently affected, but the same person under different | path the current takes is a most important fa: 
conditions does not feel the same. When it is considered  o75 } } H (5) CONTACT AND BURNING.—In my 06; 
that moistness, callosity and condition of skin, nervous | } question of contact is perhaps the most import 
temperament, the path which the current takes through 2 f : L which occur when a person receives a shock 
. | 
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FIG. 7. LOAD CURVE 


the body, 


whether the 


drunkenness or sobriety, 
asleep or awake, area and nature 


health or disease, 

ufferer i 
of contact, familiarity with shock, ete., all play most 
probably an important part in deciding what one feels, as 
i shall point out later on, I think my opinion will be 
accepted 

(2) DISEASE AND HEALTH AS AFFECTING SUS- 
CEPTIBILITY TO SHOCK.—I think I can prove that thi 
question is of the utmost importance. Some years ago a 
number of friends were in the habit of measuring their 
resixtance periodically, and it was found that one man 
was alway the lowest, although they all varied This 
man was also abnormally sensitive to an electric shock, as 
he could feel even so low a voltage as that from three 
was afterwards found that he was suf- 
fering from kidney disease. This seems to indicate that 


Leclanché celis; it 


the resistance of the body may be altered by disease, and 
it is most probable that the skin, by fulfilling the func- 
tions which by rights belong to the kidneys, had a lower 
resistance due to the impurities thus removed from the 
body In a central station I was connected with it was 


the habit of the men to give an electric shock from a 


magneto machine to visitors, and although it was found 
that different people seemed to feel differently, yet one 
boy could stand mo:e than anyone else He was, how 


of weak intellect Another case of 
which | heard was at a bazaar, where money was placed 
in a bowl of water charged from a Ruhmkorff coil. One 


woman took the money out every time, and had to be paid 


ever, unfortunately 


to go away, as she nearly made them bankrupt. She also 
was of weak intellect No doubt their insensibility wa 
due to the brain being affected It appears, therefore, 
fair to say that a diseased person may be either more o; 
less surceptible according to what disease one may de 
uffering from. 

) PHYSIOLOGICAL CONDITION AS AFFECTING 
SUSCEPTIBILITY.—The first point which naturally oc- 
cuis to one is, does a person in a heavy perspiration stand 
a better chence than one who is in a normal condition? 
To illustrate this 1 think I may quote the following case 
YT’ had been coing very heavy work, which made him 
perspire free'y; to rest himself he sat down on a trans- 
former, which was earthed, and in leaning back his head 
touched an inner terminal; as the outer was earthed he 
received a 240-volt) shock The man was wearing a 
thick flannel shirt, which was wet with perspiration. The 
result was that he received a most severe shock, a hole 
being burnt in his trousers, and the back of his head and 
buttocks wee severely burnt This man, I think, should 
have been killed, but he was not even insensible. Surely 
this seems to show that the sweat shunted the current, 
thus saving his life; although the burning probably pro- 
tected him, as 1 will show later on. Again, would a man, 
when drunk, be less liable to be fatally injured? To illus- 
trate this I give the following case F was working in 
and touched an inner 
with one hand and an outer with the other, the 
potential difference being 2.000 volts. It was found out 
afterwards that the man was a heavy drinker, and was 
under the influence of drink when he received the shock 


which did not even make him insensible It is only fair, 


a transformer station as a laborer, 
terminal 


Morning. 
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though they tried all they could he did not wake. As 
they thought this was peculiar the men called my at- 
tention to it, and I personally saw him receive a shock 
without taking any notice of it. I may also say that I 
arranged for my assistant to give me a shock when I was 
in bed asleep, and although two witnesses guaranteed he 
had done so, I felt nothing. Illustrating this, I should 
like to mention the following case: ‘“‘B’’ was stationed 
to watch a cable under test charged to 5,000 volts, and 
going to sleep fell on to it. He was most severely burnt 
about hands, but was not killed. 

(4) PATH OF THE CURRENT.—Amongst all electrica! 
engineers I know it is a firm belief that the path which 
the current takes is of the utmost importance, and there- 
fore in handling high-tension apparatus we always try 
not to make contact in such a way that a vital part is 
directly in the circuit. To illustrate the effects of differ- 
ent paths the current can take I give the following: Hand 
to hand, blow in chest; right hand to right foot, nothing; 
right hand to left foot, nothing; right hand to both feet, 
nothing; left hand to left foot, blow in back of neck; left 
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Fig. 8. Hourly Load Diagram, Mott Haven Divison, 
Oct. 23, 1901. 


hand to right foot, blow in back; left hand to head, blow 
on top of head; head to buttocks, could not ascertain if 
anything was felt. 

Of course, I cannot say why they should feel differently, 
but I think it proves that different organs of the body are 
affected. Dealing with this from actual cases: “D" was 
oiling an alternator, and touched the inner brush acci- 
dentally with his elbow: his right foot was on the earthed 
frame of machine, and his left foot insulated. The pres- 
sure was 2,200 volts, and although he gave a cry, and was 
sensible till the circuit was broken, he could not get away. 
He remembered them running to shut the machine down, 


ordinary every-day work perhaps the question of 
receives more attention than anything else; whe: 
receives a shock this question should be of equ 
portance. To illustrates what an important part tl: 
of contact plays, I had my resistance measured holding 
No. 20 B. W. G. copper wire between the finger and | 
of each hand and afterwards I connected these tw: 
to two pennies and held them in the same way. With th 
pennies my resistance was 20,000 ohms lower. If the <k 
were Wet, the resistance would be much less; if the <k 
were oily it would be much more. Another point on w 
I would lay particular stress, is that the area of 
to get the same resistance in different persons would 1 
be the same, and even with the person in different 
of the body the area of contact would have to be cha 
To illustrate this I measured the resistance of six peop! 
picked haphazard, from thumb to thumb, and although | 
was careful to obtain what I believe was the same amount 
cf contact in each case, yet the resistance ranged a!! th: 
way from 30,00) ohms to over 100,000 ohms, this bei: 
due most probably to different thickness and moist: 
cf the skin. As regards the same person, I had my rm 
sistance measured from thumb to thumb, which gay 
100,000 ohms, but from heel, where the boot rubs, to big 
toe, I got 200,000 ohms, although in each case [| believ: 
the same contact was made. The question of area of cor 
tact also plays an important part from another cause. as 
if the area is small, the chance of burning is largely 
creared. (I shall discuss the question of burns by alter 
nating and direct current later on, but a direct current 
burns much more severely, especially at the positive p 
Burning not only numbs the nerves, and thus pre\ 
feeling, but will also, I believe, be found to increas: 
resistance. Taking actual cases: ‘‘C’’ was working o: 
h'gh-tension switchboard, and received a 2,000-volt alter 
nating shock. The man was killed. I myself saw th: 
tody, and noticed that there was only a slight burn on thr 
‘eft hand, no other mark being found on the body It 
was, therefore, impossible to say how the man really re 
ceived the shock. ‘“‘F”’ received a 2,000-volt alternating 
shock from hand to hand. Death occurred. The enginee! 
on watch at the time told me that only slight burns wer 
on each hand. In the case mentioned of a man killed o! 
an are circuit, only a slight redness was seen on his hind 
Of course, this may not always.be the case, as it is quite 
possible that the victim in his struggles to escap: 
reduce the contact and therefore cause severe burning 
after he had received sufficient current to kill hin Ir 
previous cases I have mentioned where the victiu 
covered, severe burning took place, and I shall me: ‘ion 
more later on. I know I am laying myself open to =: ver 
criticism in bringing forward this theory, as the ma ty 
of electrical engineers, and also doctors, believe at 
severe burning means a severe shock. 

(6) THE FATAL CRY; SPEECH AFTER RECEI\'NG 
A FATAL SHOCK.—It may be of interest to atten to 


describe the cry, and as I have heard it three time 1 
have discussed this matter with others who have hea: 
I think it can be accepted that this cry is best desi: Sed 
as a rapid drawing in of the breath, followed by a al! 
In each of at *%ast a dozen cas of 


sigh, half shriek. 
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« severe shocks that have been reported to me 
m gave the cry, but in the case in which I per- 
caw the victim three witnesses were sure that 
ot give the cry. With respect to the question a; 
ler a person can speak after he has received a 
ek, I may say that I have always thought this 
le: but in the above case the victim was asked 

‘burt, and he said: “I am all right,’’ and yet 
afterwards dropped down dead. Of course, one 

x. did he really die from an electric shock; but as 
nortem was made, and the doctor satisfied himself 
the organs were healthy, I think there can be no 
ibout it. 

\LTERNATING AND DIRECT-CURRENT SHOCKS, 
direct current causes electrolytic action, and an 
ting current does not, it seems that more must 
lace with direct current than with alternating cur- 
It is also open te discussion whether, disregarding 
lytic action, the two act the same, as the alternat- 
0 its nature must have a spasmodic effect, whiist 
t current seems to paralyze at once. From my own 

ence of shocks, 1 am certain that the after effect of 
ect current is worse than that of an alternating cur- 

When looking at the matter, however, from an elec- 
n’s point of view, I can see a great difference, as 
e is no doubt that if contact is made with metal of 
, shape that it cannot be gripped, and the current 
from hand to hand, the direct current seems to 

k the victim down, whilst an alternating current 
1s to draw him closer and to tie his body as far as 
ible into a knot. On the other hand, if he can grip 
metal, the direct current seems to hold him tighter 

i does the alternating current. Of course, | am only 
iging from what I have seen and felt myself. 

\nother influence which I believe plays an importart 
rt is the different action which the two currents have in 
eaking down a fault. No doubt this has some effect 
when a shock is received; most probably the direct current 
would reach its maximum before the alternating current, 
d, therefore, if a person is only in circuit for a short 
1e, the direct current would have the greatest effect. 
On the other hand, more burning wiil take place with 
lirect current than with alternating current, and as ! 
have pointed out before, this is most probably a pro- 
tection. 

Although not strictly included in this paper, I should 
like to draw attention to the fact that an are is more 
easily started with direct than with alternating current, 
and that when once started it is more easily maintained 
It is possible for a man to be severely burnt on continuou- 
current, and, therefore, all cases of exceptionally severe 
burning, if they occur on a low-tension supply, should 
be thoroughly investigated to prove whether death oc- 
curred from a shock due to burns or to an electric shock. 

The conclusion I come to is that, if death occurs from 
an electric shock, both are equally dangerous; but if death 
occurs from burns the continuous current is more dan- 
gerous. To make myself thoroughly clear I should also 
like to say that, although burns are a protection against 
electric shocks, yet if carried to extremes they may them- 
selves cause death due to shock. 

lt must be remembered that although the majority of 
deaths from electric shocks occur with alternating cur- 
rents, yet the potential usually worked at with alternat- 
ing is higher than that with direct current, and, therefore, 
the conditions required to cause death have to be more 
favorable with direct current than with alternating cur- 
rent. Taking the actual voltage required to cause death, 
independent of nature of supply, I should say: At below 
600 volts the conditions must be abnormally favorable. 
At below 1,000 volts the higher the pressure the more 
easy it is to get the conditions necessary to cause death 
The conclusion I come to is that there is nothing more 
dangerous in one system than in another. It is purely a 
question of voltage and of the conditions being favorable, 
and it must be remarked that as many conditions have to 
be favorable, it is really so difficult to get killed, even with 
a high voltage, that, practically, with our present know!l- 
edge, the chance of this occurring is no greater than in 
numerous other occupations where a person is likely to 
meet with an accident. 

(8) IS THERE A CERTAIN METHOD OF ASCERTAIN- 
ING WHETHER A MAN IS DEAD OR NOT?~—In the 
“Electrical Review’’ rules, which I consider most ex- 
cellent, and, indeed, invaluable, it is recommended to 
ascertain if the sphincter muscle is relaxed; but, as this is 
for obvious reasons objectionable, and also to a non- 
medical man most difficult to judge, I ask the doctors if 
they can tell us some.better method. If they only knew 
what one feels when, after doing all one knows to restore 
a fellow worker to consciousness, the question arises, am 
[ simply manipulating a dead body? I feel sure they 
would do all they could to tell us how to arrive at a 
definite conclusion. 

(9) WHAT CAN DE DONE TO HELP THOSE WHO 
RECEIVE A SHOCK?—From medical evidence which I 
have read it appears as if the only thing which is un- 
usual is that the blood appears different at post-mortem; 
but I believe this is open to discussion. I myself think, in 
view of facts I have previously stated, that the truth will 
probably be found to be that electricity acts like an anaes- 
thetic, such as chloroform. In two cases of electric shock 
where death would have been expected the men recov- 


ered, in my opinion, from the head being lowered, thu 
flushing the brain with blood, which is exactly what doc 
tors do when they want to revive a patient who has col 
lapsed when under chioroform rhe cases referred to are 
as follows: "*B” received a 2,4400-volt shock from hand to 
hand, but was not badly burned He was insensible; we 
could uot teei his heart beating and his breath did no 
cloud a mirror. His eyes were turned so that we could 
see Only the whites of the eyes; his jaw was dropped, and 
thus seeing the man I could have been ceriain that he 
was dead. This man gave the “fatal cry’; an engine 
driver who picked him up stood him on his head and 
thumped his chest, his reason being, as he put it, to start 
the blood flowing and, as the heart is a pump, to free the 
valves if they were stuck Atter 45 minutes artificial 
respiration this man recovered received a 2,000 
voit shock from hand to hand; he was standing on a shori 
fi.gut of sieps, and fell head first off the steps about 4 ft 
to the floor. As no one was present 1 cannot say if he 
gave the “fatal ciy ’; at any rate he came round without 
assistance in about 25 minutes. It is only fair to say that 
his hands were badly burnt The question, therefore, | 
wish to ask the medical profession is whether we should 
adopt the same treatment as is used toc collapse from 
chloroform, or whether there is any specific treatment 
that should be used in cases of severe electric shock 
ELECTRIC SHOCKS AT S00 VOLTS 
By Alexander P. Trotter. 

A good deal of misapprenhewsion exists as to the cir 
cumstances unde, Which shocks at #4) vo.ts may be felt, 
or the conditions which may itead to serious conse 
quences. ‘The electric pressure of o() volts has become 
well established as the standard ior e.ectric traction, bu 
apparatus designed tor this pressure can be arranged to 
take another lov or 150 volts witgout aitera 
tion; but considerations of Commercial slaudardization 
seem to set the limit for working at about iW volts A 
pressure of 300 volts was used al first for e.ectric traction, 
but when afierwards it was taken up and developed by 
Alericans, they settled that a pressure of «UU volis Wa 
high enough for economy and not too high for safety. 

Much popular misapprehension exists as to the danger 
from 500-volt circuits. The seasational’ press is for om 
in good company, the technical press and eminent prac 
tical electric traction engineers seem to have a horror ot 
OU volts. The chief object of this paper is to record a 
few experiments and to discuss the conditions under which 
shocks at 500 voits are devoid of dange, 

The subject may be aivided into thiee part (1) The 
physiological and electrical conditions; (2) the dangers 
connected with tiolley wires; (3) the dangers of third 
taiis of electric railways. 

PHYSIOLOGICAL AND ELECTRICAL.—In dealing with 
the first part I need but barely allude to physiological 
matters. The sensation may be a prick, a pleasant 
tingle, a hot burning, or a convulsive shock. The sensa- 
tion does not depend directly on the actual current, but 
on the current density. With 4 sq. ins. or 5 sq. ins. (30 
sq. cm.) of contact between dry metal and bare skin (for 
example, grasping a trolley wire), a steady continuous 
current of 1 or 2 milliamperes is hardly perceptible. 
From to 8 milliamperes are easily supportable, above 
10 is painful, and above 35 almost unendurable. A larger 
current than 20 milliamperes is seldom used for medical 
applications. Every electrical engineer is familiar with 
the sharp, pricking shock given by a fine wire. In that 
case the current density is very high, but the current is so 
small that little else than the tactile nerve endings in the 
skin are stimulated. With larger currents and more sur- 
face muscular contractions are added to the tactile sen- 
sations, especially if the current is at all unsteady. The 
electrical phenomena of nerve and muscle have been 
studied by physiologists; they are rather complicated, and 
do not concern the general purpose of this paper. Alter- 
nating currents seem to be about four or five times more 
painful, but the sensation is of a different character. i 
have no knowledge of the relative danger of alternating 
and of continuous currents, and no further refecence will 
Le made ‘to alternate currents in this paper. 

It is difficult to make any exact determination of the 
relation between current density and sensation. More than 
about 14 milliamperes of steady continuous current at the 
finger tip, making a poor contact of about 1-6-sq. in. (1 
sq. cm.), is unendurable, but 35 milliamperes from boot to 
boot, nearly the whole of the soles of the feet being ir 
contact, is much less painful. Under prolonged shock 
the current increases, owing to a fall of resistance, but 
that does not concern accidental shocks. 

Passing now to resistances, the resistance from finger 
tip to finger tip on dry metal and under 1% volts is about 
20,000 ohms. It varies a little with the volts, decreasing 
at higher pressures. Two coins nipped in the terminals of 
an Evershed ohmmeter serve very well for electrodes. 
This finger-tip resistance is of considerable importance in 
connection gwith accidental light contacts at high pres- 
sures. The resistance is almost all at the skin. The thin 
skin on the inside of the wrist is much more sensitive 
than that of the palm of the hand. The difference be- 
tween the resistance from finger to finger of one hand and 
between one finger of each hand is inappreciable. The 
resistance from hand to hand when grasping two pieces of 
dry trolley wire is about 5,000 ohms; different individuais 
vary a good deal, probably owing to the dryness of the 


S7 
kin; I have found it as high as 14,4") The resistance 
between the body and the earth or an iron rail through 


the soie of the foot, stocking and boot is of considerabl 
impoitance in connection with elects railways lL find 
that the resistance from boot to boot, the boots being dry 


and without nails, varies from 45,000 to more than Joa aud 


ohms The lowest of measurements on 2 different per 

ous made with OW volts gave 25,44k) ohms. Boots worn 
into holes and wetted by walking on wet pavement gave 
only 15,000 The values for re tance tor the humar 
body given in medical works are of little use for the 

present purpose, for care is taken, as a rule, to facilitate 
the passage of the current Under conditions of medical 
practice, and using moistened electrodes, the resista 

of the body, when the skin is well wetted with warm 
water, is about 2,00) or 5,00 ohms—that is to say um 
E.M. F. of 12 volts (e.ght Leclanché cells) will pass a 
current of 4 to 6 milliamperes’’ (Medical Electricity, 


Lewis Jones, p. l04). Most of the measurements of re 
sistance which I have given were made with Lu@ to Sow 
volts, and are caleulated from the milliampere which 
passed. Taking the information which I have l 
given about the effect produced by various current 

follows that the mere touching of dry metal at LOO volt 
finger to finger, gives hardly any sensation, but with a 


larger contact a shock is felt At 264) volts a light touch 
gives an unpleasant prick, bul the current through a firm 
contact is about 1l2 to IS milliamperes, which most peopl 
can bear without considerable pain, especially if the con 
tact Le g.iadually made and broken there is no after 
effect; the sensation is very similar to that of heat 


To grasp, with bare hands, two pieces of metal at Suv 
volts would give a very painful shock, but a light and 
quick touch is no worse than the shock from a half-pint 
Leyden jar—an experience more familiar to school boys 
inan to engineers. A Ottl}-volt shock may be described a 
worse than touching a kettle of boiling water, not so bad 


a> touching a red-hot poker, about the same as touchir 


a soldering iron at working heat, or as when an inex 
perienced blacksmith'’s boy picks up a black-hot hor 
shoe These shocks are common incidents in the daily 


work of a careless linesman; nearly all those who are 
practically engaged in electric traction work receive more 
>hocks than they like, but they agree that they might re 
auce the number by taking more care This is an impor 
tant measure of the severity of uch shocks, and per 
haps the only one which will be appreciated by thos 
members of the public who do not care to try for them 
selves. In such brief shocks the muscular sensation 
probably mask the contact sensation, but a bad 500-yvolt 
shock burns the skin 

Cases of fatal accident from 5W0 volts are so rare that 
the conditions can only be guessed at. If the skin re 
sistance be reduced by moisture, especially if salt or 
chemicals be present, and if the contact be large and pro 
longed, 100 volts may be fatal. While repairing an are 
lamp in a steam-washing factory at Bradford, in IN), a 
man is said to have been killed by a shock of 225 volts; a 
fatal accident occurred in Germany with about Si volt 
but a man may be choked by a crust of bread under ex 
ceptional conditions. The death of a man by blood pois 
oning arising from a burn caused by a short circuit on the 
Central London Railway in December, 10, does not con 
cern us; a death occurred on the Metropolitan Railway in 
Paris, when a platelayer fell and remained fallen on the 
third rail of 5(© volts; but the case to which so much 
attenticn has been drawn, and which has cau-‘ed such a 
care, is the accident in Pembroke Place, Liverpool. la 
ead of the present system of well-earthed guard wire 
un attempt was made to keep fallen telegraph wires from 
touching the trolley wire, and the attempt was unsucces 
ful Nearly 0 wires fell in a tangle across the street, 
and lay on the trolley wire, which did not break The 
passers-by in the street upon whom they fell escaped 
with a few shocks. It was dark and snowing, and a 
salted slush lay on the street. Two men walked blindiy 


nto ike wires and were entangled, and struggling, became 
entang ed the more. The current was not cut off for nearly 
haif an hour. Here was a lamentable combination of 
seven circumstances: (1) The unusual conditions ot 
weather, the snow freezing to the wires as it fell. (2) 
Failure of the wood strip (which is still extensively used 
on the Continent) to act as a guard. (3) The large num 
ber of wires, the long span (375 ft.), and the tangle in 
which they fell. (4) The salt slush of snow in the street 
(5) The darkness and invisibility of the wires. (6) Failure 
of the pole telephone signal service. (7) The delay of 25 
or 30 minutes before the current was cut off. If any one 
of these seven causes had been absent it is probable that 
the fatal results would not have occurred. It is prac 
tically impossible that such an accident can occur again 
in Liverpool, for the telephone wires which crossed the 
tramways have been either diverted, placed underground, 
or cabled, at a great expense to the corporation, and a 
considerable number of the postal telegraph wires have 
been satisfactorily altered Il am tempted to digress into 
the question of guard wiring, but this paper must be con 
fined to shocks, and I hope that the discussion will be 
similarly restricted. 

DANGERS CONNECTED WITH TROLLEY WIRES 
Neither the man in the street,nor a man on a car, runs any 
risk of taking “4 volts skin to metal. On several occ asion 
during inspections of tramways, when a trolley wire has 
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been within reach from the top of a car, I have grasped 
t with both hands, and with more or less difficulty I have 
persuaded each case the 
weather was fine, the car dry, and no shock, not even the 

To show that there was 
hand-rait and flicked the 
the shock is trifling. It follows, 
if a live trolley wire fall on a crowded car, 
alarming flashes when it touches a 
the chances of a shock on a 
compared to the obvious me- 
al injuries which might be occasioned. Trolley wires 


others to do the same In 


least sensation was 


no trick I 


perceptible 
have grasped the 
rolley wire with a finger; 
therefore, that 
though it 


may give 


hand-rall, or tramway rail 


fairly dry day are nothing 
lo fall 


do fall, and trolley wires are very properly excluded from 


the leading cities of the world—London, Paris, Vienna, 


New York, Buda Pesth, et but as yet the damage done 
“by the falls has not been electrical. A trolley wire is an 
obvious thing; it sometimes springs back in large coils, 
but it generally falls and lies still or hangs, and is re- 


garded with a prudent solicitude which this paper is not 
But on a dry or frosty day any one 
fearlessly touch the live 
} would not publish this 
not tried the experiment on some dozen 
children My 
stood on a rail and played with wires, 
The current 
nothing. His 


intended to retrove 


with tolerably good boots may 


end even if he stand on the rail 
tatement had I 
person the majority being women and 
on, 7% years old 
helng volts between rail and wires 


and he felt 


there 


was le than ™% milliampere, 


boots were new A fallen telephone wire is not so ob- 
viou it does not stop the traffic; it is apt to writhe and 
to coil round a person; should he fall on the rails the 


With wet boots 
Standing on damp 
and grasping a trolley 
current was 15 milliamperes; the sensa- 
brief touches gave 
Standing on a rail increased the current to 

With old worn into and 
couple of miles on wet pavement, standing 
wire gave 3 milliam- 
and I should be 
1 broke contact cautiously by raising 
after effect; the 
merely that of heat, as though the trolley 
half a bucket full of water on 

shock intolerably. I am in- 
clined to attribute thjs to the better contact between boot 
ind earth rather than to decreased resistance of the earth 


him. 
and ground the conditions are different 


hort circuit might severely burn 


unite setts in rather damp boots, 


wire, | found the 


tion was by no means unendurable; 


harp pricks 


4) milllampere boots holes, 


after walking a 


on a rail and grasping a trolley 


pere 1 took this for several seconds, 


orry to take more 


the boot on one edge There was no 


ensation wa 
Spilling 


wire were hot, 


the ground increased the 


(in this case granite setts). Three others tried tne ex- 
| mer with me, and as far as we are able to compare 
experience | am satisfied that I am not relatively insus- 
ceptible to shock 


Resides 
treet 
hock 


example, 


the fall of trolley wires, either on a car or in the 
roundabout and unlikely ways in which 


conveyed to 


there ire 
may be unsuspecting 
a linesman on a ladder, and somehow making a 


holding a wire while its broken end or a care 


persons—for 


earth 
touches a trolley wire; but the discussion of such 
accidents belongs to the subject of guard wires. 
DANGERS CONNECTED WITH THIRD RAILS.—The 
first time I the live rail of a third-rail railway I 
clutched the lest my legs should give way unc@ 
the shock; I went to where some wate, 
tood, ty-in and ‘‘marked time” 
With caution I stepped on the live rail 
and then on one of the running rails, felt nothing, stooped 
touched the running rail while standing with 
both feet on the live rail. I felt a slight tingle, which my 
lead me to think was produced 
by a current of about 6 milliamperes. To sit on the live 
touching the running rails was easy, and I 
flicked the running rail, thea touched it, and 
then laid my hands flat on it without .he slightest sensa- 
tion In the light of the figures I have given, this is not 
at all surprising, and | have invited several others to try 


le ag 


tepped ol 
engineer 
but I felt nothing 
deep on a cement floor, 
for 24y minutes 


down and 


subsequent 


experiments 


rail without 
autiously 


the experiment with the same negative result. Of course, 
the result depends on the dryness of the clothes. The re- 
sistance of dry cloth is very high After walking in the 
wet for about an hour with sound but not thick shoes, I 


stepped on 500-volt rails and [ felt nothing, but on touch- 
eived a smart shock, perhaps 30 
Il have already stated that with old worn- 
the resistance was only 13,000 ohms. This 
“%) volts, Standing on rails in my 
laboratory, the rails being connected to the outers of the 
Westminster Company, I could just support the current of 
about 30) milliamperes. The 


ing with the finger I re 
milliamperes 
out wet boots 


was found with only 


sensation was almost precise- 
ly like standing on hot steam pipes 


gradually by 


It was easy to turn 
beginning and ending with the edge 
The shock would, of course, be very alarm- 


it on 
of the sole 
ing to any one who was not expecting it. 
effect Ordinary 
difference, but 
which are 


There was no 
nails in the heels of 
hob-nails give uncertain 
rather painful, but under no 
need they be sustained 
I tried these experiments I must confess that I did 
not ijoy the walks which I have taken in 
during inspections by the light of oil 
with dry boots, I take no care whatever. 
irable that the live rails of third-rail railways 
* guarded by planks to prevent short circuits by 
and to make it less easy for a person falling on 
to make contact with bare skin While experi- 
that a person so falling may receive a 


perceptible 
boot 


after 
made no 
pricking stings 


umstances 


sometimes 
railways 


lantert but now 


the rail 


ence ha hown 


serious and even fatal shock, this can only occur if he 
make contact with both a live rail and a running rail with 
bare skin or thoroughly wetted clothes, and if he lie there 
for a time. As to the length of this time we know noth- 
ing, but so long as the fall has not injured the person, 
©o that he cannot rise, it is very improbable that the shock 
would be maintained. A platelayer in the open yard of 
the Waterloo and City Railway once accidentally sat on 
the third rail, and made the circuit through his feet on wei 
ground; he shouted, and was pulled off by his mates; the 
contraction of the muscles prevented him from rising. 
He could probably have rolled over, and so released him- 
self. He was back at work again in a few minutes. 

Numerous accidents to horses show conclusively that 
these animals are peculiarly susceptible to electric shocks 
Electrical conditions under which a human being would 
receive an unpleasant shock of 10 to 15 millamperes cause 
instant death to a horse, and it appears that horses are 
terrified under conditions where a human being would 
feel no shock. But it must not be concluded that a given 
eurrent produces more effect on a horse than on aman. A 
horse makes excellent contact with its shoes, and these are 
well connected by nails to its body. It is probable that 
the resistance is very small, and the current very large; 
but even making this allowance, the horse appears to be 
more susceptible. 

CONCLUSION.—The dangers of electric shocks at 50) 
volts have been much misunderstood, greatly exaggerated, 
and little investigated. The pressure of 500 volts has been 
deliberately chosen by electrical engineers because it is not 
dangerous under ordinary conditions. Dry wood and dry 
boots without large nails offer so great resistance to elec- 
tric current, that it is perfectly safe to touch a trolley 
wire while standing on a dry tramecar, or even while 
standing on the ground, or on the rails. Wet weather 
makes a considerable difference, but boots must be very 
wet to allow enough current to pass to produce a severe 
shock. Dry clothing offers so great a resistance that no 
shock can be transmitted through it. The peculiar con- 
ditions under which shocks at 500 volts have caused death 
are shown to be very exceptional. 


CANTILEVER CRANE FOR HANDLING STRUCTURAL 
IRON. 

The firm of J. B. & J. M. Cornell has recently 
designed and built at its bridge and structural 
plant at Cold Spring, N. Y., a traveling cantilever 
crane for handling material in the beam yard. 
This has a capacity for hoisting 5 tons at the ex- 


form the operator’s cabin, and the motor- 
arranged that one man controls all the op. 
of traversing the crane along its track, 
and lowering the load, and traversing the 
along the boom. 


A CANADIAN SURVEY PARTY is to be sen: 
Albany River region, west of Hudson Bay. The pa 
be equipped for geological and topographical wo; 
for timber, agricultural and other economic inves; 
The region is unknown except to guides and India 
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AN ITALIAN SHIP BUILT IN GENOA IN 154s. 
London news item, has been recently sold to be 
up at Tenerife, Canary Istands. This ship, the “A 
is very heavily built and resembled somewhat the «) 
Columbus in model. She was very slow, and mad 
last trip in March, 1902. 


A VERY LARGE WATER POWER SYSTEM is 
planned in California. The flow of the Feather Ri, 
the northern part of the state, is to be utilized, 
great storage reservoir, with a capacity of 24044) 
feet, is to be built for this purpose in the mounta; 
Plumas Co. From here the water will be cony 
through the mountains by a tunnel line to another 
reservoir, which supplies the pressure lines directly 
head of 2,000 ft. down to the powerhouse can thus b¢ 
tained. The supply of water, together with the sto 
system, is such that in the driest series of years like! 
be experienced a constant power of 300,000 HP. wil! 
available, it is estimated. The project is promoted by 
Western Power Co., Mr. J. M. Howells, Chief Engi: 
and Mr. J. D. Schuyler, Consulting Engineer. Pre! 
nary work is stated to be now in progress. 


THE DISTRIBUTION OF AMERICAN EXPORTS 
manufactures is reported upon by the U. S. Bureau 
Statistics. This report shows that in 1901, 52% of 1) 
manufactures exported went to Europe, 238% to Nor 
America, 6.6% to South America, 8.2% to Asia, 7% 
Oceanica, and a little less than 3% to Africa. Of the to: 
exports to Europe—amounting in value to $215,000.00) 
the largest item was iron and steel manufactures, value! 
at $43,812,323; the next was copper, or $41,454,074: 
amounted to $40,735,548; leather to $21,211,088; agricu 
tural implements, $10,494,530; chemicals, drugs and dy: 
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5-TON CANTILEVER CRANE FOR HANDLING STRUCTURAL IRON. 
J. B. & J. M. Cornell, Cold Spring, N. Y., Builders. 


treme end of the boom. The general design of 
this crane is shown in the accompanying cut. 
The tower consists of two steel A-frames 38 ft. 
9 ins. high and about 15 ft. apart, standing upon 
a steel frame or deck mounted on four wheels 
The wheelbase is 17 ft., and the gage of the track 
15 ft. The crane is moved along the track by a 10- 
HP. electric motor geared to the wheels, the max- 
imum speed being 100 ft. per minute. 

The boom is 134 ft. long over all, 18 ft. 3 ins. 
clear above the rails, and supported by guys 
from the top of the A-frames or towers. The 
boom consists of two steel channels set close to- 
gether, with the flanges inwards, and the hoisting 
rope passing down through the slot between them. 
The wire hoisting rope is led over two drums on 
the deck of the tower, which are driven by a 10- 
HP. motor. The hoisting or lowering is effected 
by holding one drum stationary and operating the 
other. The traversing of the trolley along the 
boom is accomplished by paying out the rope from 
one drum and winding in upon the other, both 
drums always revolving at the same speed. The 
load remains suspended until one or other of the 
drums i stopped, when it is raised or lowered at 
will. The trolley travels the full iength of the 
boom, and its load is balanced by a counter- 
weight which always travels along the boom in 
the opposite direction to that of the trolley. 

The lower part of the trolley is housed in to 


$6,741,068, etc. Iron and steel manufactures also con 
stitute the largest item in the exports to North America. 
South America, Asia and Oceanica. In another table th: 
bureau shows these exports for each year commencinz 
with 1790, when the total value of exports of this clas 
was valued at a little over $1,000,000 and formed 6% o! 
the total. The value of these exports was only $17,500.00)! 
in 1850; amounted to $122,577,652 in 1877; to $228,571,17s 
in 1896; and since 1900 the exportation of manufacture- 
has constantly exceeded $400,000,000 per annum. 
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A STEEL STACK WAS LATELY ERECTED by a 
somewhat unusual method for the New York Central & 
Hudson River R. R., at West Albany, N. Y. This steel 
stack was built by the Franklin Boiler Works Co., o! 
Troy, N. Y., and is 140 ft. high, and 10 ft. in diameter 
at the base, tapering to 5% ft. at a point 12 ft. above th: 
base. The approximate weight was 16 tons. The stack 
was riveted in 30 ft. lengths at the builders’ shop, and thu 
conveyed to the site. To erect it, two gin-poles wer: 
set up, one on each side of the concrete foundation, and 
securely guyed; to the head of these gin-poles tackle 
were run through quadruple blocks, and through simila: 
blocks at the base. The stack sections were laid betwee: 
the poles and riveted up, and the completed stack wa-~ 
then lashed just above the center of weight; the tack: 
attached, and the stack was then hoisted by two gangs o! 
men operating hand winches. As the stack rose it as 
sumed nearly a vertical position, and the lower portion 
was then pushed in over the base-plate, bolts inserted, and 
the stack was in place. One whole day was consumed i! 


lifting the stack, and part of another day in adjusting i' 
in proper position on the base. 
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